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* "REPORT ON PROPERTIES OF WAR GASES"

Volume I

G Agents

"

"Reoport on Properties of War Gases” {s published in four volumes:

Volume I - G Agents
Volume Il Blood and Nettle Ga.ot

Volume 11I Vomiting & Choking Gases and Lacrimators
Volume iV Veticants

“Bibliography" and

"Glossary of Syimbels” arc included as appendicies to
Volume 1V,

Chemical Corps Board
Army Chemical Center, Maryland
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UNCLASSIFIED

There exists at the present time in the Chemical Corps' technicel litera-
ture 4 great deal of uncertainty concerning the properties of ths most {m-
portant war gases, This uncartainty has resulted from the fact that most of
the data that are now available have never been ccllectsd into one volume
and properly collated and evaluated., 8ince such properties of war gases
play an important role {n many aspects of chemical warfare research, the
need for a standard handbook on these properties exists.

In an attempt to fulfill such a need, it was proposed to revise the
Chemijcal Corps Board S8tudy 38-48, "Properties of War Gases, " dated 21
March 1980, with the object of gathering the most reliably information
available on the subject, Intentions were to make the study as compre-
hensive and complete as possible. In order to accomplish this task, a
method of exhaustive literature research had been employed. This zesearch
was bagun In October 1962 and was continued through November 1904,
compiling protection data and data on the physicil . * ch=* ‘nal properties
of the agents included in this study.

The toxicology data for this study were supplied by CmiC Medical
Laborptories. This information was requested by the Chemical Corps
Board in s letter to CmlC Research and Engineering Command: Letter,
CMLEK-AMW, Chemical Corps Board, 21 june 1954, subject: "Revision of
Chemijical Corps Board Study 35-48."

his study does not include the data on the physical and chemical
properties (categories 1 through 14) for the mustard agents. The data
are being assembled by CmiIC Chemical and Radiological Laboratories.
Informal coordination with Dr, Wardell, Information Group, indicates
that thelr report on the properties of HD, Q, and T will be completed in
the near future; however, the data on HQ, HT, HL, L, HN1l, and HN3
will require more time.

CmlC| Research and Engineering Command have agreed 1o assume the respon-
sibility of keepirg the study on an up-to-date status,
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NOTE

All classified documents cited in this reperi ~=pear under the call

numbers gIven them by the Technical Library of Army Chemical Center,
Maryland,
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INTRODUC TION

The material for each agent has been divided into 25 categories,
categories sre 2s follows:

10,

12,

13,

14,

18,

16,

17.

8.

19.

20,

21,

Bibliography of Second Sources of Infcrmation on the Agent
Name, Formula, Molecular Welight

Physiological Action, Tactical Use, Status, Russian Interest
Physical State, Meolting Point, Boiling Point

Liquid Density

Solubility in Organic Solvents

Solubflity in Water

Hydrolysis

Effect of Heat and Blast

Stability in Storage, Action on Metals

Latent Heat of Vaporization

Relative Vapor Density

Vapor Pressure

Volatility in Atmospharic Afr

Odor and Median Detectable Concentration

Toxicity by Inhalation

Eye Toxlclty

Oral Toxicity

Skin Toxiclty and Clothing Penetration

Speed of Actlon

Detoxication in the Body

UNCLASSIFIED
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22.

23,

24.

25.

UNCLASSIFIED

Medlical Protective or Piret Ald Measures
Detection
Individual Protection

Decontamination

The remainder of the Introduction consists, in effect, of 25 individual
introductions to the 25 categories outlined In paragraph A, above,
Readers finding themselves unfamiiiar with some aspect of the inform-
ation given in any category in the body of the report should refer to
the corresponding category in the {ntroduction for an explanation,
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UNCLASSIFIED Intro - 1

CATEGORY 1

BIBLIOGRAPHY OF SECONDARY SOURCES
OF INFORMATION ON THE AGENT

Category 1 of each agent conslats of & list of reports which were found,
during the course cof Ilterature research, to be secondary sources of
informat‘on dealing exclusively with the agent (or the agent and a group

of related compounds) and contalning no original information. Many of
these reports are very comprehensive summaries of the work that was done

over certaln perlods of years on the agant, They are glven Iin category |
for the convenience of the reader who may deslre information beyond the

scope of thiy documant,
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UNCLASSIFIED Intro - 2

NAME, FORMULA, MOLECULAR WEIGHT

All agents have been named according to the system of chemical
nomenclature that was adopted by the American Chemical Scciety

in 1983,

Both the empirical and structural formulas of each agent are given,
The ordet in which the elements are given {n the empirical formula
conforms to the system used in the formulas Indexes of Chemical

Abstracts,

All molecuiar wefghts have been calculated to two decimal places
using the set of international atomic weights published by the
Ame:ican Chemical Socieiy in 1983,

UNCLASSIFIED
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UNCLASSIFIED Intro - 3

CATEGORY 3

PHYSIOLOGICAL ACTION, TACTICAL USE, STATUS,
BUSSIAN INTEREST

The information given in this category for sach agent is by no maans
complete, Category 3 has been included In this document merely to
Bive a reader who is unfamiliar with war gases an idea of how each
agent acts upon the body, how it may be used in chemical warfare, and
how much Amaerican and foreign interest there Is In the agent at the
present time. Each of these toples Lo treated In as few words as
pousiible,

UNCLASSIFIED




UNCLASSIFIED Intro - 4

CATEGORY 4

PHYSICAL STATE, MELTING POINT, BOILING POINT

1. By melting point (M®) or freezing point (FP) in this document {s meant
that temperature at which an infinitesimal amount of the s0lid phase
of an agent {s in equilibrium with the agent's liquid phase, Theoresi-
cally, the MP and FP of an agent are the same temperature. In practice,
however, the two may differ somewhat depending upon the method em-
ployed. The use of the symbols "MP" or "FP" {5 arbitrary. "MP" {»
generally used {f the temperature i1 approached from below (by heating)
and "FP" {f the temperature is approached from above (by cooling). The
symbol used for each value that is.given in this document {1 tho same as
the symbol used by the investigator who reported the value,

2. The triple point (TP) of a compound is defined as the temperature at which
all three phases of the compound (solid, liquid, and vapor) are in equi-
librium, It {s the compound's MP (or FP) under its own vapor pressure,

The MP discussed in paragraph 1 (ahove) differs from the TP in that it {s
usually determined under atmospheric pressure. Por most compounds this
difference is negligible, however, and, except in very precise work, the
two temperaturcs may be considered the same. The vapor pressure that
it given for sach agent at 1ts TP therefore has been calculated using the
agent's selected MP,

3. By boiling point (BP) in the title of this category Ls meant the agent's
normal boiling point, that Ils the temperature at which the agent exhibits
760 mm Hg pressure. Bolling points reported at reduced pressures are
given In category 13,

4. In calculating the BP's of those agents that are mixtures, axperimental
vapor pressure data have been uised whenever such dats were avallable,
In any case where experimentsl data were not avalilable, the agent was
astumed to obey Raoult's law and the BP was calculated accordingly.

UNCLASSIFIED
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CATEGORY &

LIQUID DENSITY

The wotd "liquid” {» used in the title of this category merely to diffor-
entiate the category from category 12 which s entitled “relative yapoy
dunstty”, Actually, data on the density of solids as well as liquids are
given in this category, Data referring to the solid phase of an agent
have been marked with the word "solld” Lin parentheses.

Density datas for each agent have been selected at the following temp-

eratures: -40°F (or some tamperature at which the agent is solid if its

MP {1 above -40°F), 32°, 68°, and 160°F. These temperatures are also
given in degrees centrigrade in the body of the report.

UNCLASSIFIED




UNCLASSIFIED Intro - 6

CATEGORY 8

SOLUBILITY IN ORGANIC SOLVENTS

An attempt has been made to gather as much information as possible on mix-
tures of each agent with other substances, The bibliography of this category
for each agent, therefore, is made up not only of reports which contain sol-
ubility data on the agent in various organic solvents but reports which
contain data of any kind (MP, density, vapor pressure, etn,) on mixtures

of the agent as well,

UNCLASSIFIED




UNCLASSIFIED Intro - 7

CATEGORY 1

SOLUBILITY IN WATER

A few of the agents covered in this document are gases under normal
conditions, The solubility of a gas in a liquid {s greatly dependent upon
ptessure, Solubility data for gases are usually given in terms of Bunsen
or Oswald solubility coefficients, Definitions of these two quantities
follow,

Bunsen coefficient - The Bunsen solubllity coefficiant for a gas in a
given solvent ts defined as the volume of the gas at STP® that c&n he
dissolved in a unit volume of the solvent at a given temperature and
pressure (partial pressure of the gas). Thae symbol that is usually used
to designate the Bunaen coefficient {s & small Greek sigma (o).

Oswald coefficient - The Oswald aolubllity coefficient for a gas in a
given solvent is defined as the ratio of the volume of absorbed or
dissolved gas 10 the volume of absorbing liquid (or pure solvent) at a
given temperature when the gas and solvent are in equilthrium. It

may also be defined as the ratio of the concentration of gas in solution
(weight per unit volume of pure solvent) to the concentration of gas

in the vapor phase (weight per unit velume of gas) at a given temper-
ature when the gas and solvent are in equilibrium. The Oswald coeffic-
fent s usually designated by "L",

T

where Vg and Vs mvolume of dissolved gas and volume of pure solvent
respectively, and

Cs and Cg =mconcuntration of gas in solutlon and concentration
of gas in the vapor phase respectively,

For more information on gas/solvent phenomena and the factors which
alter them see Markham and Kobe, Chem. Rev, 28, 6519 (1941),

®* STPwmstandard temperature and pressure, 0°C and 760 mm Hg,

UNCLASSIFIED
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UNCLASS!F'ED Intro - 8

CATEGORY 8

HYDROLYS]S

Provided sufficient data were available, the hydrolysis half-1ife of each
agent in water of pH 7 at 20°C has been calculated.
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UNCLASSIFIED Intro - 9

CATEGORY 9

EFFECTS OF HEAT AND BLAST

The data given in this category for each agent may be of any or all of
the following types:

a. Flash point

b. Auto-ignition temperature

c. Infiammability limits of mixtures of the agent with air
d. Data on thermal decomposition.

6. Data on decomposition of the agent when disseminated explosively
or by thermal generation,

Occasionally all that could be found in the literature concerning the
thermal decomposition of an agent was a statement that it "decomposes
rapidly” at such and such a temperature., By this and other simlilar,
qualitative statements that are given (or eime of the agents in this
document is meant that the agent shows noticeable decomposition after
remaining at the specified temperature for anywhere from a few seconds
to a few hours, Dava which refer to the decomposition of the agent in
storage over a period of saveral days to several years are given in cat-
egory 10,

By "disseminated explosively” in item (e) of paragraph 1, above, {3
meant disseminated by filling explosive type munitions, such as shells
and bombs, with the agent and functioning them. "Disscminated by
thermal generation” refers to dissemination from smoke pots or candles
and similar devices.
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UNCLASSIFIED Intro - 10

CATEGORY 10

STABILITY IN STORAGE, ACTION ON METALS

As indicated in category 9, only data which refer to the decomposition
of an agent In storage over a period of several days to several years are
given in this category. Dats on the "rapld” decomposition of an agent
(within a few second:s to a few hours) are given in category 9.

In summarising the information available in this category on thuse agents
for which efficient stabilizers have been found, the phrase "for long
periods of time" is used to describe the stabflity of tiie agent. This
phrase is hereby defined to mean any period of time longer than one
year.

UNCLASSIFIED




UNCLASSIFIED Intro - 11

c GO 1

LATENT HEAT OF VAPORIZATION

The latent heat of vaporization (AH) of each agent has been calculated
at the agent's normal boiling point (BP), provided sufficient vapor
pressure data were avallable in the vicinity of the BP to allow such a
calculation. For those agents whose BP's do not lie between -40° and
710C, tha AH has also been calculated at 20°C,

The heat of vaporization (or sublimation) of a compound is usually
calculated from vapor pressure data and the Clapeyron or Clausius-
Clapcyron equation, At presiures of a few atmospheres or less the
Clausius-Clapeyron equation, which follows, is usually used,

d (in p) . =OH
d (1/T) R

At very high pressure: the more accurate Clapeyron equation should Le
used.

42ty

Most of the values given in this document were calculated from efther
of these two equations,

In calculating the AH's of those agents that are mixtures, experimental
vapor prossure data were used whenever such dats were available. In
any case where experimental data were pnot available, the mixture was
assumed to obey Raoult's law and the lateni heat of vaporisation was
calculated accordingly.
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UNCLASSIFIED Intro - 12

CATEGORY 12

RELATIVE VAPOR DENSITY

By "relative vapor density” In chis document {s meant the ratio of the
weight of a unit volume of an agent's vapor to the weight of an equal
volume of dry air at the same temperature and pressure,

Relative vapor d.n.“y-mw_’_
density of air at T and P

In the chemical literature this ratio is slso referred to as a compound's
"vapor density relative to alr" or simply "vapor density (air aml)"”,

At ambient tempetatures and at pressures of about one atmosphere or
less most agents do not depart appreciably from the 1deal ras 18w,
Their relative vapor densities therefors may be calculated from the
following simple relationship which is easlly derived fzom the ideal
gas iaw,

Relative vapor density -%

where MW ==the molecular weight of the agent and
28, 06emthe mean molecular weight of air,

All of the relative vapor densities given in this document (excepting

those for AC) were calculated ftrom the above equation. Each has been
marked with the words "theoretical value” in parentheses.

UNCLASSIFIED




UNCLASSIFIED Intro - 13

CATEGORY 13

YAPOR PRESSURE

1, Vapor pressure data have been selected for each agent at the following
temperatures: -40°, 0°, 32°, 680, 126°, and 160°F. These tempers-
tutes are also given in degrees centigrade in the body of the report,

2, All values for the vapor pressure of the golid phase of an agent have heen
marked with a small "s" In parentheses.

3., Values that have been selectcd for those agents that are mixtures were
taken from experimental data whenever such data were available, In
cases where experimental data were nQt available, the mixtures were
assumed to obey Raoult's law and the desired values were caicuiated
accordingly.

.
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UNCLASSIFIED Intro - 14
CATEGORY |4

VOLATILITY IN ATMOSPHERIC AIR

Volatility values have been calculated for each agent at the following
temperatures: -40°, 0°, 329, 68%, 126°, 160°F and the agent's normal
bolling point (BP). All values given at temperatures below an agent's
BP have been calculated from the vapor pressure data that were selected
for ths agent at these temperatures in category 13. All values given
at temperatures above an agent's BP (including the BP) have been cal-
culated at atmospheric pressure (760 mm Hg). The data have been
presented in this rather unorthodox fashion for a number of practical
reasone, the most important of which {s to facilitate comparison of

an agent's toxicity by inhalation to its volatility (or maximum vapor
density) under normal ambient conditions,

All volatility values (excepting those for AC) have been caiculated
from the ideal gas law, PV =mnRT,

Of tnterest i1 the fact discovered by Hoffman that the rate of evapor-
ation of a compound at a given temperature is approximately pro-

portional to the product of the compound's vapor pressure at that
temparature and its molecular welight.

Revap, =K. (p) (MW)

For further information see Hoffman, Ind. Eng, Chem. 24, 135 (1932).
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UNCLASSIFIED Intro - 16
CATEGORY 15

ODOR AND MEDIAN DETECTABLE CONCENTRATION

This category contains information on:

a. Description of odor

| b. Median detectable concentration (DCgy) dy odor, or by irritation
of nose, throav, eyes, or skin.
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UNCLASSIFIED Intro - 16
CATEGORY 16

TOXICITY BY INHALATION
This category contains information on:
a8, Median lethal exposure (LCtgg).
b, Median incapacitating exposure (1Ctgg).

¢, Whether or not the agent Is toxic or irritating to the respirating
tract,

d. Data on chronic toxicities.

UNCLASSIFIED
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CATEGORY 11

intto -~ 17

EYE TOXICITY

This category contains information oni

Median
agent.

lethal and incapacitating doses (LDgy and IDgo) for liquid

Median lethal and tncapacitating exporures (LCtgo and 1Ctgo) for
vapor agent.

Whether
entry in

or not the agent affects the eyes ot poisons system after
to the body through the eyes.
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CATEGORY 18

ORAL TOXICLITY
This category contains information on:
8. Median lethal dose (LDgop).

b. Median incapacitating dose (IDgp).

UNCLASSIFIED
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UNCLASSIFIED Intro - 19

CATEGORY 190

SKIN TOXICITY AND CLOTHING PENETRATION

This category contains information on:

a. Median lethal and incapacitating doses (LDgy and IDgo) for liquid
agent,

b. Median lethal and incapacitating exposure (LCtyo and ICtgg) for
vapor agent.

c. Whether or not agent affects skin or poisons system after penetration
of skin,

d. Special type of clothing necessary for ariequate protection.
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CATEGORY 20

Intro - 20

SPEED OF ACTION

This category contains tnfermation on:

8. Average time requirad to tncapacitate victim,

b. Average period of incapacitation.
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CATEGORY 21

REIQXICATION [N THE BODY

This category contains {nformation on:
a. Rate of detoxication

b, Route of entry {f rate depends thereupon,

UNCLASSIFIED
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UNCIL.ASSIFIED Intro - 22

CATUGORY 22
MEDICAL PROTECTIVE OR FIRST AID MEASURES !

This category contains informnation on:

Practical protective or first ald measurcs that are effective against
the agent such as ointments, medicinals, etc.

UNCLASSIFIED
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UNCLASS]FIED Intro - 23

CATEGORY 23

DETECTION

This category contains tnformation on:

The latest and most effective means ¢! detecting the specific agent,
the type of kit, the items in the kit (vials, papers, etc.) that are

used, the color change or noticeable reactions that take place, brief
description of the chemistry involved
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CATEGORY 24

INDIVIDUAL PROTECYION

Intro - 24

This category contains information on:

The type of mask, canutster, clothing which should be used to protect
an individual against the agent and their relative effectiveness.

UNCLASSIFIED
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UNCLASSIFIED Intro - 25
CATEGORY 26

DECONTAMINATION

This category contains information on:

The types of decontamination - decontamination of leaking munitions
In storage and 4 co .tamination in the field. For some agents the
two will be cousiderably different, The cheapest and most effective
means of decontaminating areas of this agent are considered.

UNCLASSIFIED




SECRET GA-1

GA - TABUN (German)

CATEGORY 1

SECONDARY SOURCES OF INFORMATION ON GA

Readers desiring information on GA which is beyond the scope of this ]
document may find the following works of great value, 1

With Bibliography

ETF 100, 25 (1948)

ETF 107-3 (1948)

ETF 107-7 (19486)

ETF BB0E-83217 (1681)
MDR 158 (1948)

MLSR 23 (1983)

Porton Memo 35 (1969)
TCIR 48] (1949)

Without Bibliography

PR 2747 (190417)
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CATEGORY 2

NAME, PORMULA, MOLECULAR WEIGHT

A llblloguehx

Nona
B. summuz
l. Techuical Name: Ethyl dlmuhylphonphoumldocyanldnc or
Cyanod!methyumlnocthoxypholphlno

2, Common name; Tabun (German)
C N

3. Chemical formula: CsH 1 NgOgP ot ?N—{—O—CQHB o~
CH,

4. Molecular weighrt: 162,13

C. D!lcun”on

This compound may also be found in the classified literature under the
following code names and numbers:

MCE

T-2104 (British)
TL-1878 (UCTL)
T-83 (German)
Le i00 (German)
FM-811

SECRET
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SECRET GA-3
SR

PHYSIOLOGICAL ACTION, TACTICAL USE, STATUS
RUSSIAN INTEREST

Blblloiughy

l. Atr Intelligence Digest, Vol. 4, No. 8 (Auguat 10681)

2. ETF 650R-911 (1951)

Summary

1. Physiological action:
Nerve gas

2. Tactical ure:
GA may be used as & non-persistent spray or persistent ground
conteminant. It is very effective in producing immadiate
casualties,

3, Status;
Limited standard

4. Russlan interest:
The Rustians have great intervst in GA as a warfare agent., They
are known to have captured a full-scale GA plant upon the invasion
of Garmany during World War I1. At the present time, they are

considered to have limited stockpiles of the agent and are probably
producing it av an appreciable rata (Al, A2).

SECRET
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CATEGORY 4

PHYSICAL STATE, MELTING POINT, BOILING POINT

A. Bibliography and Data 1

1. CD Report 6/IS 73 (A. 2166) (1948)
Pin. 4240 (V. 3966) (1046)

Wb

BP = 230°C (with decomposition)
2. 44th Chem. Lab. CMTR 60 (1945)

BP = 220°C
3. Suffield Technical Minute 109 (19485)

MP= -48,9° &0, 3%C
4. TDMR 1004 (1948)

Sample #1 FPa -81,0%C (lst determination)
FPw -50,89C (%nd determination)

Sample #2 FPw -80.00C (15t determination)
FP= -50.0°C (3nd determination)

Sample #2 appeared to be the purer of the two.
BPw 246°C (calculated; see category 13)

6. ETF 550F-1084 (1949)
BP m 220°C

The following report contalns freezing point data on various mixtures of
GA with other compounds:

6. ETF 880G-1260 (1944)

GA/DA
GA/DC
B. Summary of Data a_ng Selected Values

1. Physical state:

Pure GA Is a colorless liquid of low volatility at rocm temper -
sture.

SECRET
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SECRET GA-4

2. PFreezing polint:
-60°C (-58°F)
3. Normal boiling peint:

Compound begins to decompose rapidly at about 160°C (300°F),
Theoretical 8P; 220° to 240°C (4300 to 466°F) (obtained by
extrapolation of vapor pre:syv..e data).

4. GA of plant purity has the following characteristics:
Amber to brown in color,
FP below -50°C (-88°F)
C. Discussion

Suffield Technical Minute 102 (A3) and TDMR 1094 (A4) contain
the only data on the FP of GA that are available, Neither report
gives sufficient information on the methods of determination em-
ployed to warrant seiection of any of the values reported as the one
which best represerits the true FP of GA. The FP given in (B2)

therefore was selecied as an average of the data contained in both
reports, It s probably accurate within a degree or two,

SECRET
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CATEGORY &

LIQUID DENSITY

A, llbun'ugh! and Data

1. CD Report 5/18 73 (A. 2156) (1048)
Ptn. 4340 (V. S956) (1048)

GA-6

Sp. Gr.= 1,056 at 22°C (HqO at 28°C)

dw 1,084 g/cm3d ar 22°C

2. 44th Chem. Lab. CMTR 60 (19465)
des 1,089 g/cm? at 18°C

3. NDRC Inf. Rept. 9-4-1, NS 2 (1948)

d=1.0762 g/cm® at 20°C

This value also appears in NDRC Inf, Rept. 9-4-1, NS 3 (4).

4. NDRC Inf. Rept. 9-4-1, N8 3 (1948)

Sample #1 dw 1,0763 g/cm3 at 30°C
Sample #3 dw 1,0767 g/cm3 a1 800C
Sample #3 dw1,1300 g/cm? at 20°C
Sample #¢ dwm 11,0847 g/cm? at 20°C

The following two values are given in a d/ifferent section of the

report:

dw 1,076 g/cm3 ar 23°C
dw 1,077 g/cm” at 28°C

They appear to be the same values as those reported for samples
#1 and #2 above. The temperatures sro different, however. No
explanation {s given - perhaps a typographical error.

6. Suffield Technical Minute 109 (19048)

Sample #1 d: from 1,161"7 g/cma
to 1.0618 slcma

Sample #2 d: from 1,1488 g/cm3
to  1,0615 g/cm?®

at -50°C
at 60°C (16 values)

at -80°C
st B809C (16 values)

Sample #2 was considered to be the purer af the two.
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SECRET GA-6

TDMR 1094 (1946)
dem 1.0869 g/cm3 at 9.80C
1.0731 g/cm?3 at 24.9°C
1.0036 g/cms at 36°C
TDMR 1121 (19485)
dm 1,076 g/cm? at 20°C
This value also appears in TDMR 1138 (8).

TDMR 1138 (1945)

Sample #1 d= 1,080 g/cm3 at 20°C
Sample #2 dwm1.0178 g/cmg s 20°
Sample #3 dwm1.078 g/em” at 20°C
Sample #4 dm1.079 g/cm?d ar 26°C
Sample #8 dam 1,086 g/cm? at 28°C
Sample #6 d=1,082 g/cm3 at 28°C

Sample #1 was considered to be the purest of the lot.
ETP 880F-154 (1949)

dwm 1,094 g/cm? at 17,28°C
1.077 g/cm3 at 20°C

The following reports contain density data on mixtures of GA with other
compounds:

10,

11.

12,

ETF 580G-1260 (1944)

80% GA/20%DC dm 1,126 g/em?
40% GA/80%DC d w1,243 g/cm3

44th Chem. Lab. CMTR 60 (1945)

85 to 90% GA/10 to 15% monochlotobenzene dwm 1,081 g/cm?d
at 18°C

TDMK 1094 (1945)
95% GA/5% monochlorobenzene dw1,1001 g/cm° at 9,8°C

1.0864 g/cm?d at 24.9°C
1.0771 g/cm? at 38°C

SECRET

1.041




SECRET GA-8

Selected Values
Liquid density:

1.139 g/cm?3 at -40°C (-40°F)
1,100 g/em3 at  0°C ( 33°P)
1,000 g/cm? at 20°C ( 68°F)
. 1.031 g/cm® at 71°C (180°F)

& W M -

GA of plant purity usually has a density of:

6. 1.00to 1.11 g/ecm? at 09C (320F)
6. 1.071¢t0 1.00 g/cm3 at 20°C (68°F)

Discussion

Suffield Technical Minute 109 (AB) contains what appear to be the
best data on the density of GA that are available, These data were
plotted on & densfity-temperature graph and values (B1l) through (B4)
were obtained therefrom by either interpolation or extrapolation. Al-
though the data in the original report are given to five significant
figures, they are probably not accurate to more than four. The values
'n paragraph B therefore are given to four significant figures,
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SECRET
SATEGORY ¢

SQLUBILITY AN QRGANIC SOLVENTS

A, Mbuoiughx and Data
1, ETF 680G-1260 (1844)
GA /DA GA/MD
GA/DC GA/PD
GA/AC GA/CG
GA/CK GA/chlotobenzene
GA/H GA/ cartbon monoxide
2. TDMR 1299 (1948)
GA/HD
3. PR 2747 (19417)
GA is 30luble in all common organic solvents
4, ETF B88CF-184 (Translation) (1049)
GA is toluble in monochlorobenssne
5. MDR 184 (1949)
GA/ethyl carbitol
GA/butyl carbitol
GA/tetralin
6. CRLR 322 (1084)
GA/CX

B. Summary of Data

GA iy readily scluble in almost all common organic solvents,
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SECRET GA-1
CATEGORY 1

SQLUBILITY LN WATER,

A, Blbllognghx c_n_d_ Data

1. CDR 8/18 73 (A. 2156) (1948)
Pin 4240 (V. 3966) (19048)

GA (s soluble in water to the extent of two to thrae percent.
2. Suffleld Tech. Minute 109 (1946)
Solubilityes 8,28 GA/100 ml selution at 0°C
3. ETF 660-6/Final (1046) ‘ -
Solubility = 10.86g GA/100 ml solution at 28°C
4. 2d Ind, CMLRE-CR(CP), Proj 4-08-03-005, CmlC Cm) and Rad lLabs
to CmlC Retearch and Engineering Command, 12 Jun 1982,subject:
"Water 8olubility of G-Agents, " on letter, CMLEK-A, Chemical
Corps Board, 29 Apr 1962,

Solubilityws 9,85 GA/100g solution st 0°C
7.28 GA/100g solution st 20°C

8. Summaty of Dats
The solubllity of GA in water is 72§ GA/1000g solution at 20°C (68°F)

C, Discussion

- >

The value given in paragraph B was taken from the letter frem CmiC o

Cml and Rad Labs to CmlC research and Engineering Command, CmiC (A4),
which contains the best data available on the solubllity of GA in water,
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SECRET GA-8

HYDROLYSIS

ltbuoluphy,nnd Data

1. CD Report 8/18 73 (A. 2168) (1940)
Ptn 4240 (V. 3086) (1948)

2. TDMR 1121 (10485)

At 28°C: from pH 1,t1/2 = 4140 min,
to pH 11, t1/2= 8 min. (9 values)

3. ETF B50E-6092 (1947)
At 37°C: pH 5.0, kw 0.00385 per min. per mol litess
At 37°C: pH 7.4, k= 0.00345 per min. per mol liters
4. MDR 127 (1947)
§. Porton Tech. Paper 85 (1948)

k: from 0.0167 per min. at pH 2.0 at 123°C
to 0.307 per min, at pH 10.0 at 837°C (30 determinations)

6. Porton Tech, Paper 1350 (1980)

ke 1,14 10°% per min. at 16°C at pH 11,3
2.72 102 per min., at 36°C at pH 11,38

7. BETF 100-39/Final (Task 9) Vol. 1, 830 April (1654)
ETF 100-29/Final (Task 9) Vol, 2, 30 April (1984)

Selected Value

At 20°C (88°F) and pH 7.0, the half-1ife of hydrolysis of GA
{s 8.5 hours.

Discussion

This value was taken from the data of the report Porton Tech,.
Paper 85 (AS8). These data were pertformed over a wide range of pH
and temperatute. The value {s the result of a neutral hydroiysis of
GA producing HCN. It can be seen that GA reacts slowly with water
and fairly rapid with strong acids and alkalis with self-buffering at
pH 4.5 (A2).
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SECRET GA-9

CATEGORY §

EFFECTS OF HEAT AND BLAST

Mbllolughr

1. TDMR .132 (1048)

2. Porton Technical Papear 45 (1948)

3, Ptn,/IL. 2101/3638/50 (19080)

4. Krecke and DiPaocla, CRLR report in preparstion, Project 4-04-158-007,
subject: Status Report, Dissemination of Toxic Agents by Thermal

Generation (1964 or later).

Summary gi Data

GA is Inflammablie in alr. 1Its closed-up flash polnt in atmos-
pheric air (760 mm Hg) is 173°F (78°C) (A3).

The thermal decomposition of GA {s probably similar to that of
the other G-agents, Complete decomposition takes place within about
three hours st about 150°C (300°F) (A1),

GA undergoes considerable decomposition when disseminated
explosively or disseminated by thermal generation (A3, A4).
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STABILITY IN STORAGE, ACTION ON METALS

SECRET

CATEGORY 10

llbllo!u-\thy

1. TDMR 1209 (1948)

2, PR 2747 (1947)

3, ETF 580&-70069
ETF B60E-74"73
ETF B850E-7683
ETF 850E-808¢
ETr B880E-831"7

lummux of Data

Most of the GA that the United States has on hand Is captured
German material containing anywhere from 6 to 230% monechlore-
benzsene. This material Lo stable in steel for several yoars (A3),
but has been found to undergos complete decomposition (as judged
from distillation data) within three months at 88°C (150°F) (1).

The corrosion rate of German GA (8 to 20% monochlorobensene)
on steel has been found to be 3.4 x 10”8 fnches penetration per

(1048)
(1949)
(1960)
(1981)
(1963)

month at 66°C (160°F)(A1).
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SECRET GA-11

CATEGORY 11

LATENT HEAT OF VAPORIZATION

Blbuoluphy and Data

1. A, 3R04/3 (1948)
Porton Technical Pape. 341 (1083)

&Hygp = 17.2 kcal/mol at 26°C

2. TDMR 1094 (1948)

AHyap =12.9 kcal/mol at 36° to 98°C

inlected Vslue !

Latent heat of vaporization at 20°c (68°F):

-

16 kcal/mol (100 cal/g) ' |

Riscussion

The value selected in paiagraph B was calculated ftom the
vapor pressure data of Porton Technical Paper 341 (Al) and MIT-MR
183 (category 13, para A, item 8), These two reports contain the
best data avatliable on the vapor pressure of GA at temperatures
around 20°C (see category 13, para C). Values for the AH of GA
were calculated from the data of both reports using the Clausius-
Claspeyrou equation. The resuilt obtained from the Porton data i
given 1n the bibliography (Al); & AH of 18.¢2 kcal/mol war obtained
from the MIT data. The value given in paragraph B was selected as o~
an average of these two values.

.
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SECRET GA-12
GALESORX 48

RELATIVE VAPOR DENBITX®

A ltbiioiughy

None

faleciad Yalus

Relative vapor density: 5,60 (theoretical value)

*Relative vapor density = d::' Ty g’ a.r oL .n't s :?,d 4
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SECRET GA-13
CAARERELd &

YARQR PREASURE

A. Bibliography and Data

1% A, 3804/3 (19048)
Porton Technical Paper 341 (1953)

By effusion manometer -

p: from 0,0374 mm Hg at 17°C
to 0.0038 mm Hg at 30°C (6 determinations)

The following equation was derived from the above data by the
method of least squares:

log pm11, 348 - M,PO (range: 17° to 30°C)
(273, 2°K= 0,0°C)

2. CD Report 5/18 73 (A. 21566) (1948)
Ptn, 4240 (V. 3966) (1848)

p=1.6 mm Hg st 838°C
10 mm Hg at 120°C
760 mm Hg at 230°C

The following value wes taported for 8 German sample. It also
appears in TDMR 1138 (13).

p= 3 mm Hg st 93°C

3. 40th Chem. Lab. Co., Monthly Intel!igence Report, 1 Apzil to
30 April 1945

p=2 mm Hg st 84° to 80°C
4 mm Hg st 98° to 98°C

4. 44th Chem. Lab. CMTR 60 (19485)

p= 6 mm Hg at 98°C
760 mm Hg at 2209C

§. MIT-MR 183 (1948)

Sample was fractionally distilled three times, Final distillation
ylelded -
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SECRET GA-13

p= 21t0 3 mm Hg at 789 to 80°C

Distillate was used to obtain the following data (transference
method) -

pe=m 0,038 mm Hg at 20°C

0,097 mm Hg at 30°C

0,210 mm Hg at 40°C
NDRC Inf. Rept. 9-4-1, N8 2 (1948)
pm 4 mm Hg at 87° to 88°C
NDRC Inf. Rept. 9-4-1, N8 8 (1948)

Sample was distilled into four fractions. PFollowing dats wers

obtained,
p= 88 mm Hg at 188°C (1st fraction)
2¢.8 mm Hg at 121°C (3nd fraction)

7 mm Hg at 989 to 99° (3:d fraction)
& mm Hg at 94° to 103°C (4th fraction)

These data were used to derive the following equation:

3071.8

log pm= 9.11287 - T

(range 94° to 188°C)
The following distillation valuses were obtained on two other
samples:

p= 2 mm Hg at 89° to 92°C
0.25 to 0.9 mm Hg at 66° to 880C

OSRD 8391 (1945)
Sample was distilied into two fractions. Purest fraction ylelded
p= 3 mm Hg at 88° to 98°C
Suffield Technical Minute 109 (1945)

Sample was fractionally distilled three times. Final distillation
ytelded -

p= 0.2 mm Hg at s2°¢
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SECRET GA-13

10, TDMR 1094 (1948)
By transference method (two different samples) -

p: from 0.0484 mm Hg at 28,0°C
to 0.5739 mm Hg st 88,0°C (14 determinations)

Py Ramiey-Young method -

pe= 1,15 mm Hg at 68,.9°C
3.7 mm Hg at 99,3°C

By vacuum distillation (these two values Also appear in
TDMR 1138 (13) ) -

pw 1.6 mm Hg at 72.8° to 78°C )

3 mm Hg st 86° to 879C -

The following equation was derived from the above data by the
method of least squares:

log p= 8,305 - A (range: 38° to 94°C)
11, TDMR 11232 (1948)
Sample was distilled into three fractions. Purest fraction ylelded
p= 2 mm Hg at 70° to 72°C
12, TDMR 1138 (1948)

Distillation data were obtained on six different samples, Two 5
purest samples ylelded -

pw ca. 1.5 mm Hg at 73.6° to 73°C (Sample #1)
3 mm Hg at 86° (0 87°C (Sample #3)

The following value was obtained on a German sample:
ps 2 mm Hg at 93°C
13. ETF H60F-154 (1949)

pi 2 mm Hg at 67°C to 67°C
760 mm Hg at 220°C (8 determinations)

14, Porton Technical Paper 204 (1950)

Sample fractionally distilled twice. Second distillation yielded
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SECRET GA-13

pw0.8 mm Hg at 8svcC
18. Porton Technical Paper 338 (19853)

Sample contsined radioactive phosphorous (P32)

pe 2 mm kg at 100°C

B. Salecied Yalues

Vapor pressurs:

(1) 0.006 mm Hg at 0°C (32°F)
(2) 0.037 mm Hg at 20°C (68°F)
= (3) 0.4 mm Hg at 52°C (128°F)
{ (4 2 mm Hg at 719C (160°F)

C, Discussion

The vapor pressure data avallable for GA are very inconsistent,
Poiton Technical Paper 341 (A1) and MIT-MR 183 (A8) contain what
appear to ba the most precise data that have been reported to date.
The data of these two reports are in agreement roughly to about two
significant figures, This is true only because the data lle within a
narrow temperature range (17° to 40°9C), however. The slopas of the
two s1ets of data, when plotted on a log p vs. 1/T graph, were found
to be different and extrapolations of the data diverge rapidly,

TDMR 1094 (A 10) contains the only other data that have been
produced with any precision., These data, when plotted, have a slope
_ that differs conslderably from the slopes of the two previously men-
{' tioned sets of data, Of the three reports cited so far, however, only
2 the TDMR report contains data which are in good agreement with the
large mass of distillation data that have been reported for GA. The
Porton data, which exhibit a comparatively steep slope, fail to agree
with any of the distillation data when extrapolated, And extrapols-
tion of the MIT data results in agreement with only the comparatively
high distillation data of ETF 580F-164 (A 13), !

Because of these Ilnconslatencles, it was decided to plot all of
the data available on a log p vo, 1/T graph and to select the desired
valuos from the resulting composite of the data, Values (Bl) and
(B2) therefore are bated upon the dats of Porton Technical Paper 341
and MIT-MR 1683, value (B3) upon the data of TDMR 1094 and distill-
atlon data and value (B4) entirely upon distillation data. Each value
iv given to the number of significant flgures which the data from
which the value was taken would allow,

No values were ohtained at temperatures below 0°C because of

the lack of data.
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llbllolughz

None

Ssleciad Yalues

SECRET
SALEGQORL LA

YOLATILITY IN ATMOSPHERIC AIR

Volatility in atmospheric atr;

(1) 0.06 x 10°mg/m3 at 0°c ( 32°F) (0.006

mm Hg)

(2) 0.33 x 109mg/n3 ar 20°C ( 68°F) (0.037 mm Hg)

(3)
(4)

3
18

x 103m|/m
X losm]/m

at 62°C (135°F)
at (°C (160°p)

SECRET
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SECRET GA-18
SALESQRY 1L

l
mmmmmumumm ]
}

A, Mbuolughz

1. Medicsal Division Informal Monthly Report (1948)
2. Porton Report 4240 (V.6912) (19485)
3. Porton Memo 39 (1950)
B.  Dlscumiop
( 1. Odor of GA {3 fruity or iweet (A2, Al).

2. Maeadian detectable concentration f{s 2.2/«/1 (2.2 mg/m3) (Al),
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JQXICITY ALY INHALATION

GA-186

A, llblto‘nghz
MDR 201 (19049)
B. Qngm“on |

1. Median lethal exposure {4 500 mg. min/m® for a 10 minute exposure,

Median incapacitating exposure i3 100 mg.mln/ma for a 10 minute
exposure,

3. GA caures bronchoconstriction,

4. There tt no data on chronic toxicities.




SECRET GA-17
CATRGQRY L

X5 TQXICLIX

Ilbuolughx

Porton Report 2698 (1948)

Porton Memo 39 (19050)

Ellg !ll!ﬂl’l

Vaport applied directly and on'y to the eyen:

0.7 mg.min/m3 (t= 2 minutes) - no eye effects
3.2 mg.mln/ma (tw 2 minutes) - stight but defintte miosls,

14-21 mg.mln/m"’ - severe haurassing effects for several days.

30 m;.mln/ma (t= 10 minutes) - very severe hataning to only
one subject (visual aculiy reduced for 17 days) (Al).

The eye effects produced by exposure to low dovages of nerve gas
are manifestly due to local sction of the vapor on the eys, ilnece
they occur to the same extent in men whose resplratory passages are
protected by oronasal respirators as In unprotectad men, and do

not revule if the observers woar clova-fitting goggles hut are other
wite unprotected. Threshold eye symptoms with 0. % mg min/m?
{te= 8§ minutes). Moderate harsssmeant tar 3 to 5 dayy with 2.5 10

4 mg min/m? (1= 10 to 20 minutes).
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No man data found.
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SECRET -
GATRGORX A

SKIN TQXICITX AND CLOTHING PENERTRAIION
Bibitography
1. EKETF 6850G-11736
2. MDR 201 (1949)

Discusaion

1. Based on rabbit data (LDgo™ 3.3 mg per Kg body weight) an approx-
imate LDgp of 0.23 grams/70 kg man (s estimated (AR).

No data for incapacitating exposure for liquid GA.

One drop on the skin, especially on the face, must be regarded as
fatal (A1),

2. With the lungs and eyes protected and the body exposed:

The median lethal exposure s 20,000 mg.mln/ma (time exposure
of 10 minutes)

the median incapacitating exposure is 12,000 ms.mln/ma (time
exposure of 10 minutes),

3. Agent affects system after absorption through skin,

4. Impermeable protective clothing (s required for protection.
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Mbllolughx
MDR 201 (1949)

Riscussion

SECRET GA-20
CATEGORY 20

SREED OF ACTIQN

Incapacitation will occur within 1 hour after exposure to agent.

SECRET

1,20




SECRET
CALECORLLL

RETOXICATION IN THE BODY

No man data found,
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SECRET GA-22

CATEGORY 22
L 1

MEDICAL PROTECTIVE OR FIRST AlR MEASURES

Ilbllolughx

TM 8-288, Treatment of Chemical Warfare Casualties

Discussion

In the treatment of GA casuaities, speed of treatment {s of the
eisence, Casualties shouid be removed from poussibility of further
contamination {f possible and given an immediate injection of atio-
pine and subjected to artifivial resuscitation. Present thought L3
that atropine {ujection alone, while helpful In cases of mild ex-
posure, is of little value i{n more severe exposure unless srtificlal
resuscitation is applied. Elther of these treatments alone is helpful
but the combination of the two has mote than the additive value,
Thorough familiarization with the subject {n reference TM-288 s
strongly recommended. Por skin contaminaticn, wash with sodium
bicarbonate and test as above, In the eyes and mouth, wash with
3% bicarbonate,
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SECRET
AL BRI il

f RETECTION
bibliography
1. FM 21-40, Defense Against Chemical Attack.

8. Instructions - Kit, Chemical Agent Analyzer, M10Al, use of
(37 April 1954)

3. Instructions - Kit, Chemical Agent Detector, MOA2,
4. Instructions - Kit, Water Testing, Poisons M-3 (14 July 1952)
6. TM 3-2185, Military Chemistry and Chemical Agents,
6. TM 3-2300, Individusl Protective and Detection lqutpmcnt.-
7. TM 8-885, Treatment of Chemical Warfare Catualties,
Summary

Objectively, GA is detected by:

GA-223

(1) Detector kit (M9A2). A greenish-biue ring appears in white dot
tube after wetting with solution from green top bottle. (Note:
this {s a general test and will be poritive for G-agenit and/or

CK) (A9).

(3) Analyzer kit (M10A1). The sta:t -atd test (A2) which contains
granules from s white dot tube which are treated first with a
solution of O-DN and then a solution of PER, An orange or
amber color {n the soluticn indicates the presence of G-agents
(or CK). The white dot tube turns red-purple when wet with an
alcoholic solution of Chlor-T and then an alcoholic solution of
gamma-picoline and PYR. (Note: This test indicates GA or CK).

(3) An alternate or confirmatory test (A2) which contains plaln
strips of filter paper which can be impregnated with Chlor-T in
sdvance and when held in close contact with a strip of filter
paper, one end of which is wet with an alcoholic telution of
gamma-picoline and PYR will result Iln the appearance of a red

to purple spot on the newly wet paper, (Note: This test
indicates AC or CK),

also

(4) Water testing and screening (AN-M2), Nerve gases are detected
by a color reaction and extraction of the color by an immiscible

solvent (A7),
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(8)

(6)

N

(8)

(9)

SECRET GA-23

Water testing kit, poisons (M4). This kit enables quantitative
determination of G-agents (A4).

Food testing and screening (ABC-M3). The nerve gases ate ident-
1fied by their reaction with two special chemicals to produce an
orange or yellow color (A7),

Vesicant detector crayon (M7, M7Al). Drops of liquid G-agents
cause pink crayon markings or dust to turn ysllow (AS),

Liquid vesicant detector paint (M5). Surfaces painted with de-
tector paint show a change in color from olive green to red when
contaminated by drops or splashes of G-agents (A6).

Liquid vesicant detector paper (MG) (AB).

Subjectively, GA is detected by:

(1)
(2)
(3

Odor - faint, sweotish, fruity (AS, A7),
Physical appearance - a colorless to brownish liquid (AB, A7).

Physiological symptoms - vapors may cause nsusea, vomiting,
and diarreha followed by muscular twitching and convulsions,
Even in low concentrations, vapor causes pupils to contract,
vision becomes difficult in dim light, and headaches may result,
A sense of tightness in the chest may be noticed. Contraction
of the pupils may not appear as a warning sign of liquid penetr-
ation (A5, AT).
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SECRET GA
hALEGRLL 24,

PROTECTION
A, !lblloiughx

1, TM 3-216, Military Chemistry and Chemical Agents.
2. TM 3-300, Individual Protective and Detec:'un Equipment.

3. TM 8-288, Treatment of Chemical Warfare Casualties,

B, Summary

-24

Protection againit GA may be afforded by use of the protective
mask., Impermeable protective clothing is required for protection
against 1iquid G-agents (A1, A3)., Protective dubbing is also used (A2).
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SECRET GA-26
SAIEGORY 28

DECONTAMINATION
Bibliography
1. TM 3-218, Miiitary Chemistry and Chemical Agents,
2. TM 3-220, Decontamination.
3. TM 8-2388, Troatment of Chemical Warfare Casualties.

Summnz

Por personnel, soap and water, rather than protective olntment,
are used for removing liquid zontamination. Immediate and thorough
sction 1s necessary in removing nerve gases (2). The following
fluids are mors satisfactory than soap and water and should be used
if available;

(1) A slurry of one part of bleach Iin three parts of water,

(2) A five :o ten per cent solution of sodium carbonats.

(3) A five to ten per cent solution of ummonium hydroxide,

(4) A two per cent solution of sodium hydroxide.

If water alone is avallable, blot the excess liquid off the skin, then

soak a fresh cloth with water and scrub the ares turning the cloth

with each bit of scrubbing to expose & clean surface, If a splash of

liquid nerve gas shouid get (nto the eye, it should be flushed out

immediately with water (A3},

For materiel and areas, in the case of liquid contamination, aerstion,
hot soapy water, bleach slurry, and solutions of commercially available

alkalis, such as caustic soda and soda ash, are effective (A2). In confined
areas, steam and ammonia are effective (Al).
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SECRET

GB - SARIN (German)

RALEGRE S

SECONDARY SOURCES OF {NFORMATION ON GA

Readers desiring information on GB which i3 beyond the scope of this
document may find the following works of grest value,

With Bibliography

ETF 100,26 (1948)
ETF 107-3 (1946)
ETF 650E-7666 (1949)
ETF 80E-8337 (1081)
MDR 1569 (1948)

MLSR 23 (1983)

Porton Msmo 38 (1980)
TCIR 481 (1949)

TCR 36 (1949)

Without Bibliography

PR 2747 (1947)
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SECRET G-2
SALESQRX. 2

NAME, FORMULA, MOLECULAR WEIGHT
Bibliography

None
Surnmary
1, Technical name: Isopropyl methylphosphonofiuoridate or
Fluorisopropoxymethylphosphine oxide
2. Common name: Sarin (German)
1"
3. Chemical formula: C4H1gFOgP or CHa=P-O0-CH
0 CHg
4. Molecular welight: 140. 11
Rlacumaion:

This compound may also be found in the classified literature under
the following code names and numbers:

MFI

EA 1208
T-2106 (British)
TL 1618 (UCTL)
T-144 (German)
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SECRET GB-3
CATEGQRY

PHYSIOLOGICAL AGTION, TAGTICAL UAN, AIATLS
BUSBIAN INTEREST

Bibliography

1, Alr Intelligence Digest, Vol. 4, No. 8 (August 1981)
9. ETP BBOR-911 (1061)
Summary
1. Physiologi-al action:
Nerve gas
2. Tacticsl use:
GB is usually disseminated as a non-persistent spray. It is
very effective in producing immediate casuslties.
3. Stetus:
Standard
4. Russian Interest;

The Russians have great interest in GB as a warfare agent, They
are known to have captured a GDB pilot plant upon the invasion of
Germany during World War II, At the preseunt time, they are con-
sidered to have limitsd stockpiles of the agent and are probably
ptoducing lt at an sppreciable rate (A1, AQ),
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SECRET
7. Basels] V)

GB3-4

RHXBICAL STATE, MELTING POINT, RQILING RQINT

Bibliography and Data

1. TDMR 1183 (1948)

Sample did got freese at -70°C,

BP= 147°C (calculated; category 13)

2. Cheinical Corps Quarterly Report, Project 4-08-03-08, 1 January 1948

FPm -58°% 1°C
3. TCIR 613 (1948)

Sample #1 (distilled)

Sample #2 (singly crystallized)

Sample #3 (triply crystallised)

FP= -56,8°C
MP= .56, 2°C

FP= -56.1°C

FP= -§6,9°C

Sample #4 (filtrate after ons crystallisation) FP = -56.9°C

By PP tn this report Is meant the highest temperature to which

the sample rose after supercooling.
4. CRLR 2 (1951)
Sample #1 (distilled)
(crystals)
(filtrate)

Sample #2 (crystals)
(filtrate)

Sample #3 (crystals)

The following reports contain data on mixtures of GB with other compounds:

5. ETF 550-936 (1953)
65% GB/35% HD

371% GB/63% L
50% GB/t0% CX

SECRET
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-56.88°C
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SECRET GB-4

6. CRLR 178 (19523)
50% GB/80% CX FP below -198°C
7. CRLR 323 (19054)

50% GB/50% CX FP below -65°C

Summary of Data and Selected Values
1., Physical stata:

Pure GW {s a colorlets liquid of low volatility at room temperature,
2. Melting point:

-56°Cc (-69°F)

This is slso the triple point - vapor pressure i1 90,0015 mm Hg.
3. Necrmal boiling point: .

152°C (305°F) (with decom;vsition)
4. GB of plant purity has the following characteristics:

Sam: appearance as the pure material,

MP below -56°C (-69°F)

Discuasion

TCIR 813 (A3) and CRLR 2 (A4) contain the best work that has
been done on the FP of GB to date, This compound apparently freezes so
slowly and supercools to such a great extent that determining its FP from
time-temperature curves, as was attempted in these two reports, becomes
quite difficult., See the original reports for explanation, The values
given in both reports therefore represent the highest temperatures to
which the samples rose in the FP apparatus after supercooling; they are
not considered to be the true FP's of the samples. The MP of -56.2°C
given for anample #1 of TCIR 613 s thought to be 8 more accurate value
than any of the FP's reported 10 far, A MP of -§69C therefore was selected
for (82). The true MP of GB probably lles within a degree of this value

and slightly above {t,
The vapor pressure at the TP (B2) was calculated from the follow-

ing equation which was derived from the vapor pressure data of ETF 550Ca-
1288 by the method of least squares (see category 13).
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SECRET GB-4

2694 (range: -39° 1o 28°C
log p= 9,140 - —p— (273.2%°K= 0,0°C)

This value was obtained by extrapolating the data over a temperature

range of seventeen degrees. It is given to two significant figures, but
probably s not quite that accurate.

The BP (B3) wai obtained from the following vapor pressure
equation which appsars in Porton Technical Paper 278 (ree category 13),

24324.8 (range: 46° to 80°C
log p= 8.5016 - — ¥ — (ava..wx- 0.0°¢C) ‘

Since an extrapolation over a temperature range of more than seventy

degrees was required (n {ts calculation, the value {s probably accurate
within only a few degrees,
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SECRET
LALIGURY §

LAQUID RENSITY

A. Bibliography and Data
1. NDRC Inf. Rept, 9-4-1, N8 4 (1948)
OSRD 6400 (19486)
Redeman et al, J. Am. Chem. 8o0c. ]0, 3604 (1948)
d= 1.0041 g/emd ar 28.6°C
3. TDMR 1163 (1946)
d= 1,1118 g/em?d at 10.08°C
1.0048 g/cm?d a1 28.2° C
1.0486 g/cmd a1 68.49 C
3. Porton Technical Paper 278 (1982)
Rurg GB

d: from 1,1064 g/cm?3 at 10,0°C
to 1.0710 g/cm3 at 40.0°C (7 deturminations)

The following equatinon was derived from thess data:
d® 1,1182 - 0,00118¢ (range: 10° to 40°C)

Rlans Gb

d: from 1.1139 g/cm? at 10.0°C
to 1.0789 g/cm3 at 40,0°C (17 determinations)

The following equation was derived from these data:
dw 1,1255 - 0,0011665¢ (range: 10° to 40°C)
4. ETF 650Ca-1115 (1950)
Density data on the following mixtures are given:

GB/hexaflucctoethane
GB/ethylene
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SECRET GB-5

B. Selected Values
Liquid density

(1) 1.16 g/cm® at -40°C (-400F)
(2) 1.118 g/cm3 at  0°C ( 32°F)
(3) 1.095 g/cm3 at 20°C ( 68OF)
(4) 1.034 g/cmd at 71°C (160°7)

GB of plant purity usually has a density of:

(6) 1.12 to 1.13 g/cmg at 0°C (32°F)
(8) 1.09 to 1.10 g/cm” at 20°C (68°F)

C. Discussion

Porton Technical Paper 278 (A3) contains the best data on the
density of GB that have been reported to date, Values (Bl) through
(B4) were calculated from the following equation which was derived
from these data by the authors,

d 11,1182 - 0,00118¢t (range: 10° to 40°C)

Although the data are given o five significant figures In the
original report, they are probably not accurate to more than four,
All values in paragraph B, excspting (B1), are given to four signifi-
cant figures, therefore. Value (Bl) was obtained by extrapolating
the data over a temperature range of fifty degtees. An extrapolation
of this magnitude was nrt consldered possible without introducing
sppreciable ertor into the fourth significant fignze of the value.
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SECRET GB-6
SALEGQRYX.S

SOLUBILITY IN QRGANIC SOLVENTS

Bibliography and Dats

1. ETP 550G-1260 (1944)

GB/AC GB/chlorobenzens
GB/MD GB/ethylene chloride

2. PR 2747 (1947)

GB 1y soluble in all common organic solvents.
3. ETF 860F-164 (Translation) (1949) !
GB/ methyl alcohol

4. TCIR 813 (19489)

GB/toluene G¥/n-butyl chloride i
GB/n-hexane GB/isopropyl benzene

GB/p-cymene GB/1, 1, 8-trichloroethane

GB/n-butyl benzene GB/petrosum sther

6. ETF 650Ca-1160/1 June 1949 to 31 May 1850
GB/ethane 1
GB/ethylene
GB/hexafluoroethane

6. SO/R/816 (1962)

GB/ammonia

7. CRLR 178 (1953) )
ETF 550-936 (1953)

GE/HD
GB/CX
GB/L

8, CRLR 322 (1954)

GB/CX

Summary of Data

GB {s readily solukle in almost all common organic solvents,
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SECRET GB-1
CALEGQRX 7

SOLUBILITY IN WATER

A. Bibliography and Data

1. ETF G60E-6092 (19047)
GB was found to be almost completely miscible with water,
2. TCIR 369 (1947)

The solubility of GB in water was found to be greater than
§2.3% by weight,

3. 8,0./R./783 (1948)

GB is completely miscible with water,

4. 2d Ind, CMLRE-CR (CP), Proj 4-08-03-005, CmiC Cml and Rad Labs
to CmlIC Research and Engineering Command, 12 June 19852, subject:
“Water solubility of G-agents, " on laetier, CMLEK-A, Chemical Corps
Board, 29 Apr 1852,

GB !'s completely miscible with water,

3. Summary of Data

GB is completely miscible with water., This information was
taken from the letter from CmliC Cm! and Rad Labs to the CmiC
Rescarch and Enginesering Command, CmlC (A4).
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SECRET
CATEGORY 3

HYDROLYSIS

Bibliography and Data

1. Porton Tech, Papsr 28 (10417)

k: from 1.92 per hour st pH 1.3 at 38°C

Gi-8

to 0.0171 per hour at pH 3,8 at 236°C (6 determinations)

2. TCIR 3898 (1947)

At 26°C: fiom pH 1.8, t1/2= 7,8 hours

to pH 9.2, t1/2= 0,8 min. (6 dctermln'ntong)

3. MDR 132 (1948)

At 26°C: from pH 6.0, t1/2= 47 hours

to pH 9.9, t1/2 = § hours (4 determinations)

4. MDR 147 (1948)
8. Porton Tech, Paper 78 (1948)

k: from 1.92 per hour at pH 1,12 at 38°cC

to 30.0 per hour at pH 10,17 at 28°C (1 determinations)

6. MDR 220 (1949)

At 22°C: from pH 7.7, ti/3=m 18.7 hours

to pH 10,0, t1/2= 0,078 hours (9 determinations)

7. Porton Tech, Paper 160 (19050)

At 25°C: from pH 5.0, t1/2= 67 hours
to pH 8.9, t1/2= 0,23 hours

k= 4.37%10°2 per min. at 18°C ac pH 11.3
10.2 ®10°2 per min. at 28°C at pll 11.3

8. Porton Tech Paper 278 (1952)

9. ETF 100-29/Final (Task 9) Vol. 1, 2,3,86 (30 April 1954)

Selected Value

At 26°C (71°F) and pH 7.5, the half-1ife of hydrolysis of GB {1

23 hours.
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SECRET GB-8

C. Ducumion

The above value was teken from the data of MDR 183 (A8). The
tate of hydrolysis of GB {s varisble with pH and concentration, The
haif-1ife of hydrolysis of GB {n an unbuffered solution was determined
to be 30 hours (A%). GB hydrolyses with the elimination of hydro-
fluoric scid.
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SECRET GB-9
SATEGORXS

EEEECTS OF UEAT ANR BLAST

A. Bibliography
1. CRLR 3 (1051)
) 2. CRLR 13 (1961)
3. Porton Technical Paper 2868 (1061)
4, Porton Tochnical Paper 268 (1962)
> 6. Kracka and DiPaola, CRLR report in preparation, Project 4-04-18-007,
{ subject: Status Report, Dissemination of Toxic Agent by Thermal

Generation (1954 or later).

B. Summary of Data

The thermal decomposition of GB consists of two simultaneous
reactions: I) sn autocatalytic and acid catalyzed decomposition
into propene and methyl fluorophosphinic acid, and 1I) a dispro-
portionation into methyl phosphony!l difluoride and di-fsopropyl
methyl phosphonate. Reaction I shows second order kinetics and
reaction 1l first order kinetics, The velocity constants of the two
reactions are as follows (A4):

Temperatute Reaction 1 Reaction 1l
e k in hours"! k in hours~1
(
80 0.00870 0.0001823
90 0.0118 0.000568
100 0.0236 0.001638
120 0.239 0.00768

The decomposition of GB is complete within about two and one-half
hours at about 160°C (300°F) (A3),

GB decomposes roughly to the extent of about 10% when dissemi-
nated explosively (A1) and about 30% when disseminated by thermal
generation (AB).
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SECRET GB-10
GATEGORY 10

STABILITY IN STORAGE, ACTION ON METALS

llblta!uehz
1. PR 2762 (1082)

2. Porton Technical Paper 381 (1083)

3. Buckles and Crawford, CRLR report in preparation, subject: Corrosion
by and Stabilisation of GB (1954 or later).

Summary

GD of plant E‘”“Z may be stabilizsed by the addition of one
peicent (by weight of GB) tri-n-butylamine {n excess of the amount
required to neutralise the apparent acidity, Thus ctabilised it
may be stored in stesl for loag periods of time at temperatures up
to 71°C (160°F) with not more *han 6 to 10% decomposition (most
of which ocours during the first month or two) and no appreciable
corrosion (A3).

Tei-n-butylamine and triethylamine appear to be adbout equally
effective as stabilisers for GB. Tri-n-butylamine is used by the
Americans while triethylamine (s preferred by the British (A1, AQ),

The decomposition of unstabilized GB (s not appreciably greater

than that of stabllized GB, Unstabilized GB develops undesirably
high pressures within & few weeks after storage (A3).
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SECRET GB-11
CATEGORY 11

LATENT HEAT OF VAPORIZATION

Biblivography and Data

1. TDMR 1163 (19485)
LHyap =11.9 kcal/mol at 30° to 87°C
2. Porton Tecknical Paper 278 (10562)
AMvap =11.1 kcal/mol at 458° to 80°C
Selected Yalueas
Latent heat of vaporisation:

(1) 11.90 kcal/mol (85.0 cal/g) at 30°C (68°F)

(2) 11.1 kcal/mol (179.3 cal/g) between 46° and 80°C (113° and 176°F)

Discunsion

The values selected in parsgraph B were calculated from the
Clausius-Clapeyron ecuation and the vapor ~ressute data of ETF E50R-
1288 (category 13, para A, ftem 13) and Porton Technical Paper 278
(A2). See category 13, para C, for a discussion of the vapor pressure
data found in these two reports. Value (Bl) was obtained from the

following equation which was derived from the data of ETF 680E-1288,

p range; -30° 1o 28°C
log ps 9.140 - u-',u gzva’.2°x = 0,0°C) 4

Value (B2) was taken from the data of Perton Technical Paper
9’8, The H at the BP has not been calcuiated due to lack of dats.
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RELATIVE YAPOR RENBITYXY®

A, llbnolughz

None

B. Selected Value

Relstive vapor density: 4,84 (theoretical value)

*Relative vapor density =

density of vapor at T and P
density of alr at T and P

SECRET
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SATRSORX. LD

GB-12

VAROR PRESSURE
Bibliography and Data

1, CD Report 8/I8 73 (A, 2166) (19048)

p= 8 mm Hg at 69°C

2. NDRC Inf, Rept. 9-4-1, N8 4 (1048)

p= 1.948 mm Hg at 38°C

The next report of this series, NDRC Inf. Rept. 9-4-1, NS 8 (3),
states that this value {s pot cotrect.

3. NDRC Inf. Rept. 9-4-1,

N8 &6 (1948)
Redeman et al, J.

Am, Chem., Soc. 10, 3604 (1948)

p= 2.186 mm Hg at 25°cC
6.26 mm Hg at 40°C

These data were used to obtain the following squation:

log p= 9.89903 - 3.[*9.-_9 (range: 38° to ¢0°C)

The following value obtained by distillation is also given:

p= 16 mm Hg at 56,.8° to 67°C

This value also appears in TDMR 1163 (6).
4. OSRD 6391 (1948)

Distillation data were obtained on six different samples. Purest
sample ylolded:

p= 13 mm Hg at 47°C

5. OSRD 6400 (19485)

Two samples were distilled into two fractions each., Purest
fraction ylelded:

p= 16 mm Hg at 66.5° to 5§7°C
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SECRET GB-13

6. TDMR 1163 (1945)
By transference method:

p: from 3,23 mm Hg at 30,0°C
to 10.79 mm Hg at 80.0°C (9 determinations)

By distillation (this value also appears in J. Am. Chem. 8oc.
10, 3804 (3) ):

pr 15 mm Hg at 56, 8° to 67°C

The following equstion was derived from the above dats (includ-
ing the distillation value) by the method of least squares:

2606.6
log p= 9.0887 - =~

(range: 30° to 60°C)
By static method:

p= 62.1 mm Hg at 19.8°C
54.4 mm Hg at 79,8°C

7. Porton Technical Paper 28 (19417)
Porton Technical Paper 62 (1948)
Porton Technical Paper 78 (1948)
p= 8 mm Hg at 46°C
Thie value also appears in Porton Technical Paper 29 (8).

8. Porton Technical Paper 290 (1947)

Sample #1 8mm Hg at 46°cC
Sample #2 7 to 8 mm Hg at 38° to 40°C

0. SO/R/782 (1948)
Distillation data obtained on ten different samples:

p: from 10 mm Hg at 462C
to 30 mm Hg at 69 C (10 determinations)

10. ETPF 550F-164 (1949)
p= 8 mm Hg at 69°C
11, Porton Technical Paper 99 (1049)

p= 13.5 mm Hg at 51°C
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'0
12. Porton.Technical Paper 166 (1850)
Distillation data obtatn&d on-seven different samples:

pi from 9 mm Hg 46° "to 48.8°C
to 12 mm Hg 50.2° to 50, 8°C (7 determinations)

13. ETF 550Ca-1288 (19651)

p: from 0,011 mm Hg at -39,1°C
to 3.39 mm Hg at +28,3°C (8 determinations)

14. Porton Technical Paper 278 (19052)

Distillation data obtained on four different samples, Purest
fraction yielded:

p™ 1.5 mm Hg at 20°C

Distillate was used to obtain the following data (isoteniscope
method):

p: from 9.4 mm Hg at 46.0°C
to 52.2 mm Hg at 80.0°C (8 determinations)

The authors derived :he following equation from these data by
the method of least squates;

- 2424.6 (range: 45" to 80°C)
log p= 8.8016 - ~—5— (278.2%k = 0.0%C)

The foilowing data, obtained on a different sample by means
of an effusion manometsr, are alse given:

p: from 0.74 mm Hg at 6,6°C
to 2.18 mm Hg at 19, 8°C (5 determinations)

18, Porton Technical Paper 335 (1963)
Sample contained radioactive phosphorous (Pg9).

p= 20 mm Hg at 80°C

The following reports contain vapor pressure data on various mixtures of GB
with other compounds:

16. SO/R/783 (1048)

GB/isopropanol
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SECRET GB-13
17. SO/R/808 (1951)
GB/HCI1
18. CRLR 178 (1963)
50% GB/50% CX p= 2 mm Hg at 26°C

19, CRLR 322 (19064)

50% GB/60% CX p=2tod mmHg at 33° to 34°C
1 mol GB/1 mol CX p* 7 mm Hg at §9°C

B. Selected Values
I Vapor pressure:

(1) 0.010 mm Hg at -40 °C (-40 ©°F)
(2) 0.096 mm Hg at -18 °C ( 0 °FP)
(3) 0.44 mm Hgat o0 °C (32 °p)
(4) 1.96 mm Hg at 20,0°C ( 68,0°F)
(5) 13.4 mm Hg at 51,7°C (125,0°F)
(6) 356.6 mm Hg at 171.1°C (160.0°F)

C. Diicussion

ETF 560Ca-1288 (A13) and Porton Technical Paper 278 (Al4)
contain what appear to be the most precise data on the vapor pressure
of GB that have been reported so far, The data of these two reports
are in excellent agreement.

The following equation was derived ftom the data of ETP 560Ca-
1288 by the method of least squares:

2594 range: -39° (o 28°C
log p= 9.140 - =7 fzvs’;uox- 0.00°C) 4

This equation was used to calculate values (B1l) through (B4). It
does not appear anywhere else in the classified or unclassified
chemical literature.

Values (B5) and (B68) were calculated from the following equation
which was derfved by the authors of Porton Technical Paper 278
from the data which they obtained by the lsoteniscope method (Al4):

: 46° 16 80°C
log p= 8.5916 - 3_1_2{1.._9. 2'2,128..201(- (:.(O%C) )
SECRET
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A llbllogrughy

None

SECRET

VOLATILITY [N ATMOSPHERIC AIR

B. Selucted Values

Volatility in atmospheric afr:

1)
(2)

(4)
(8)

36

. 60
.28
.1

0.0086 x
0.084
(3) 0.
1
9
3

H M X X X

104
104
104
104
104
104

mg/m? at -40 ©°C (-40 ©F) ( 0.010
mg/m3 at -18 °C( 0o ©°F) ( 0.090
mg/m3 at 0 ©°C ( 32 OF) ( 0.44
mg/m> at 20,.00C ( 68.0°F) ( 1.96
mg/m3 at 61,17°C (125.0°F) (13.4
mg/m3 at 71,1°C (160, 0°F) (35,6
SECRET
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SECRET GB-156
SALEGORY AP

QDOR AND MEDIAN DETRCTABLE CONCENTRATION
Bibliogrephy
1, Porton Technical Paper 74 (1948)
2. Porton Memo 39 (1950)
3, MLSR 23 (19053)

Discussion

1, Odor cannot be definitely described but the sensaiton of detection
is unmistakable (A3). Some observers claimed it to be "sweet or
frufty” but none wete able to recognize it again since the odor is
10 wea't (Al),

2. Median detoctable concentration by odor is 16 m;/ma (A83).
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£4LEGQORL.LE

IOXICITYX BX INHALATION

Bibliography

MLSR 23 (1953)

PIVETTTIN

1.

LCtyy for a resting man: 100 mg. min/m? (time: 2 to 10 minutes,
based on body weight, intravenou. injection, and agent tatenticn
in animal bodies).

LCtgo for active man: 28 mg. min/mJ (time: 2 to 10 mtnutes, based
on respiration rate being four times faster).

ICtgo: 18 to 40 mg. min/m3 or for a defensive calculation, a value
of 6 to 10 m..mln/ma should ba considered.

GB causes bronchoconstriction,

No data on the chronic toxicities of GB.
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SECRET GB-11
SALEGORX L1

EXE IQXICITX

llbllo.ughx

MDRR 18 (1950)
Porton Memo 39 (1950)

MSLR 23 (19583)

Diacussion

It is estimated that 3.5 mg of liquid in the eye constitutes &
lethal dose for man,

The eye effects produced by exposure to low dosages are man-
ifestly due to local action of the vapor on the eye, since they occur
to the same extent in men whose respiratory passages are protected
by oronasal respirators as in unprotected men, and do not result if

the observers wear close-fitting goggles, but are otheirwise unprotected.

Threshold symptoms with vapor: 1.4 to 4.8 m;.ml:’t/ma (timew=
8 1o 6 minutes).

Harassment exposure with vapor: 6.5 to 11.5 mg.mln/ma
(time = 6 to 8 minutes for unprotected personnel).

No Lncrease in severity of eye effects with vapor in range 14

to 45 mg.mln/m3 for personnel protected only by oro-nasal respie-
ators.
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Bibliography

1. MDRR 18 (1050)
2. MDRR 14 (1980)

3., MLSR 23 (1963)

Rlicuirion

SECRET GB-18
SALESORX LA

QBRAL IOXICITX

An LDy, of 0.14 mg/kg (9.8 mg/70 kg man) carries cumulative
effects which last for a period of days.

Water with mcre than 0.8 parts per million cannot be considered

potable.
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2.17




SECRET
S AEGPRIC LY

iKIN TOXICITY AND CLOTHING PENKTRATION

Iibuolughy

Go-19

1. MLSR 23 (1953)
2. Chemical Corps Board Study 13-82, Appendix B (19562)
Ditcujsjon
1. For vapor GB: Zstimation of skin penetration under temperate
conditionys:
LCtyqo: 16,000 mg.mln/mss
ICtg,: 8, 000 mg.min/m
2, Liquid GB: Based on depilat:d animals:
LDgo: 1.5 gm/70 Kg man (20 mg/kg)
IDgq: not estimated.
3. Liquid GB does not injure the skin but penotrates rapidly and polisons
the body.
‘.

Permeable clotining gives from two to three-fold protection regardless
of the type of cloth, the number of layars and whether or not it was

impregnated with CC2,

Generalization: Each layer of cloth doubles the LDgg of liquid GB,
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SECRET GB-20

!lbllo!tl_zlly
1. MDR 201 (1949)

2. TCIR 616 (1980)

Discussion

1. Exposure to vapor,

Incapacitation within one hour after exposure to casualty doses
(A1), Estimated time for incapacitation after exposure for unpro-
tected troops, total exposure: 10 seconds to 6 minutes.

2. Liquid doses:

Estimated time for Incapacitation by means of skin contamination

is 20 minutes. It may be expected that lethal doses will kill within
a few minutes,

SECRET
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SECRET GB-31
CATEGORY 21

DETOXICATION IN THE BODY

Mbllosughz
1, MDRR 18 (1980)

2. MLRR 114 (19563)
MDRR 229 (1963)

Discussiop
Rate of detoxication in man {s very low, A dose of 0.008 mg/Kg
cannot be completely detoxified in 8 hours. A single dose of 0,008 =

mg/kg produces no observable effect. However, i this dose {s re-
peated at 8 hour intervals, signs of polsoning appear after the fourth
dose. The regrassion of symptoms indicates detoxication or compen-
satory adjustment by the body, The cumulative ¢ffect indicates that
the rate of detoxication is less than 0,008 mg/kg/8 hours,
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SECRET GB-22

MERICAL PRQTECTIVE QR FIRST AID MEASURES
A, l_lb!lolrnﬁhy

TM 8-286, Treatment of Chemical Warfare Casualties.

B. Discussjon

In the treatment of GBD casualties, spead of treatment is of
the estence, Casualties should be removed from possibility of
fuither contamination {f possible and given an immediate in-
jection of stropine and subjected to artificial resuscitation, Present
PES thought fs that stropine injection alone, while helpful in cases
i, of mild exposure, {s of little value {n more severe exposure unless
artificial resuscitation is applied. Either of these tzeatments alone
{s helpful but the combination of the two has more than the additive
value. Thorough familiarization with the subject in reference
TM 8-288 1s strongly recommended,

-~
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SECRET GB-23
CALEGORY 23

RETECTION

A. Hbllo‘ughy

1. Instructions - Kit, Chemical Agent Anulyser, M10A 1, Use of (27 April
1964).

2. Instructions - Kit, Chemical Agent Detector, M9A2,

3. Instructions - Kit, Water Testing, Poisons M-2 (14 July 19583).
4. TM 3-218, Militery Chemistry and Chemical Agents.

5. TM 3-290, Individual Protective and Detection Equipment.

6. TM 8-288, Treatment of Chemical Warfare Cajualities,

B. Summary
Objectively, GB is detected by:

(1) Detector kiv (M9A2). A greenish blue ring appears in white
dot tube after wetting with solution from green top bottle. (Note:
This Is a general test and will be positive for G-agents and/or
CK) (A2).

(2) Analyzer kit (M10Al)., The standard test (A1) which contains
granules from a white dot tube which are trested first with a
solution of O-DN and then a solution of PER, An orange or *mbe:
color in the solution indicates the presence of G-agents (or CK).

(3) Water testing and screening (AN-M2), Nerve gases are de-
tected by a color reactivn and extraction of the color by an
immiscible solvent (A8).

(4) Water testing kit, poisons (M4). This kit enables quantita-
tive determination of G-agents (A3).

(8) Food testing and screening (ABC-MJ3), The nerve gases are
fdentified by their reaction with two special chemicals to pro-~
duce an orange or yellow color (AS).

(6) Vesicant detector crayon (M7, MTAl), Drops of liquid
G-agent cause pink crayon markings or dust to turn yellow (AS).

(7) Liquid vesicant detector paint (M6). Surfaces painted with
detector paint thow a change in color from olive green to red
when centaminated by drops or splashes of G-agents (A5).

SECRET

3.220




p—_—

e )

SECRET GB-23

(8) Liquid vesicant detector paper (M8) (AS),
Subjectively, GB is detected by:
(1) Odor - none in pure state (A4),

(2) Physical appearance - colorlec. 11quid vaporizing to
form colorless gas,

(3) Physiclogical symptoms - vapors may cause nausea,
vomiting, and diarreha followed by muscular twitching and
convulsions., Even in low concentrations, vapor causes pupils
to contract, and vision becomes difficult in dim light and
headsches may result., A sense of tightness in the chest may
be noticed, Conitaction of the pupils may not appear as &
warning sign of liquid penetration (A4, AG)
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SECRET GB- 24
SATRGORX. 24

PROTECTION

A. Bibllography
1., TM 3-2185, Military Chemistry and Chemical Agents (August 1983),

2. TM 3-200, Individusl Protective end Detection Equipment
(September 1953),

3. TM 8-285, Treatment of Chemical Warfare Casualties (Angust 1951),

B. Summary

Protection against GB may be afforded by the use of the protec-
tive mask, Impermeable protective clothing is required for protec-

tion against liquid G-agents (A1, A3). Protective dubbing {s also
used (A2).
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SECRET GB-26
SALEGORY 25

RECONTAMINATION
Bibliography
1. TM 3-216, Military Chemistty and Chemical Agents,
2. TM 3-230, Daocontamination
3., TM 6-285, Treatment of Chemical Wearfare Casvalties,

Summuz

For personnel, soap and water rather than protective ointnent
are used for removing liquid contamination, Immediate and thorough
action is neceisary in removing nerve gases (A2). The following
fluldi are more satisfactory than soap and water and should be used
{f available:

(1) A slurry of ono part bleach in three parts of water,

(2) A five to ten per cent solution of sodium carbonate.

(3) A fivo to ten per cent solution of ammonium hydroxide,

(4) A two per cent solution of sodfum hydroxide.

If water alone is available, blot the excess liquid off the skin,

then soak a fresh clocth with water and scrub the area turning

the cloth with each bit of sctubbing to expose a clean surface,

If a splash of l1quid nerve gas should get into the eye, it should

be flushed out immediately with water (A3).

For materiel and areas, in the case of liqulid contamination,
aeration, hot soapy water, bleach slurry, and solutions of commerci-

ally svailabie alkalis, such as caustic soda and soda ash (A2), In
confined areas, steam and ammonia are effective (Al).
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SECRET GD-1
GD - SOMAN (German)

CALEGORX 1.

WW%WNW@

Readers desiring information on GD which i3 beyond the scope of this document

may find the following wotks of great value,

With Bibliography

CRLR 130 (revised) (1983)
ETF 100,28 (i948)

ETF 107-3 (19486)

ETF B50E-8327 (1961)
MDR 169 (1948)

MLSR 23 (19563)

Porton Memo 35 (1950)
TCIR 481 (1949)

TCR 36 (1949)

SECRET

3,00




C.

SECRET GD-2
CATEGORY 2

NAME, FORMULA, MOLECULAR WEIGHT

llbliolughx

None
Summary
1. Technicel name: 1,2,2 - Trimethylpropylmethyl phosphono-
fluoridate or Fluoromethylpinacolyloxyphos-
phine oxide
2. Common name: Soman (German)
F CHg CH,
! I
3. Chemical formula: CrH1gFOqP o1 CHg~P—~ O0-CH-C—CHjq
i l
o CHy
4. Molecular weight: 132.14
Rlicusion

This compound may also be found in the classified literature
under the following code numbers:

EA 1210
T-2107 (British)
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SECRET GD-3
SALEGRQBX 3

PHYSIOLOGICAL ACTION, TACTICAL USE, 8TATUS,
BUSSIAN INTEREST

_Blbllolughx

Noge

Summary

1. Physiological action:
Nerve gas

2, Tactical use:
GD may be unsed as a non-persistent spray or persistent ground
contaminant. It is very effective in producing immediate
casualties,

3. Status:
None

4. Russian interest:

The Russians probably have some knowledge of this agent due to
the fact that much information on German nerve gas research
fell into thelr hands when Germany wa- invaded during World
War Il, Whsether or not they have this agent in production i
not known,
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SECRET GD-4
CATEGORX 4

BHXSICAL STATE, MELTING PQINT, BOILING PQINT
Bibliogtaphy and Data
TDMR 1282 (1847)
FP {s not readily determinable, Compound formed a giass but
did not crystallize at the temperature of subliming carbon
dioxide (-78°C),
BP = 167°C (calculated; category 13)

Summary of Data and Selected Values

1. Physical state;

Pure GD (s a colorless iiquld of low volatility at rtoom
temperature.

2. Melting point:
Not readily determinable.
3. Normal boiling point:
Compound begins to decompose rapidly at about 160°C (300°F).

Theoretical BP: 160° to 170°C (320° to 340°F) (obtained by
sxtrapolation of vapor pressure data).

SECRET
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SECRET GD-8
GATEGORY &

LIQUID DENSITY

Bibliography and Data

TDMR 1292 (1947)

d« 1,0363 g/cm® at 10°C
1.0232 g/cm? at 2£°C
1.0130 g/cm?d at 38°C
0.9990 ;/cma at 80°C

Selected Valuaiy

Liquid density:

(1) 1.08 g/cm?3 at -40°C (-40°F)
(2) 1.048 ./cmg at 0°C ( 32°p)
(3) 1,027 g/cm” at 20°C ( 68°F)
(4) 0.980 g/cm3 at 71°C (160°F)

Discussion

TDMR 1292 contalns the only density data avallable for this
compound, These data were plottad on s density-temperature graph
and values (B1) through (B4) were obtained therefrom by elther inter-
polation or extrapolation, Although the data in the criginal report
are glven to five cignificant flgures, they are not considered by
the authory to be accurate to more than four., The values in para-

graph B, excaepting (B1) are given to four significant figuras, therefore,

Value (Bl) was obtained by extrapolating the data over a temperature
range of fifty degrees. An extrapolation of this magnitude was not
considered possible without introducing appreciable error into the
fourth significant figure of the value,
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SECRET GD-6
GATEGORY 6

SOLUBILITY IN ORGANIC SOLYENT3

Bibliography
Ncne
Summary

No data savailable. The solubility of GD in organic solvents i3
probably very similar to that of GB.
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SECRET GD-1
CAIBGORY 1

SOLUBILITY IN WATER
A. Bibliography and Data

S8econd Ind, CMLRE-CR (CP), proj 4-06-03-005, Cml C Cml and Rad
Labs to CmiC Research and Engineering Command, 12 June 1963,
subject: "Water 8olubility of G-agents, " on letter, CMLEK-A,
Chemical Corps Board, 20 April 1982,

Solubility= 3.4 g GD/100g solution at 0°c
2.1 g GD/100g solution at 20°C

B. p_ummuz _oi Data

The solubility of GD in water is 21g GD/1000g solution at
20°C (68°p),
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SECRET GD-8

Bibliography and Data
1. TCIR 3783 (1947)

At 28°C: from pH 2 , t1/3 = 3 houss
to pH 10 , t1/2 = 60 hours (8 determinations)

At 37°C: pH 7.4, t1/3= 1,76 hours
pH 7.4, t1/2 = 1,0 houn

2. TCIR 393 (19417)
TCIR 468 (1i949)

at 269C: pH 2, k = 0,214 per hour
3. Porton Tech. Paper 79 (1948)

k: from 2.81 per hour at pH 1,1 at 25°C
to 22,0 per hour at pH 10.7 at 269C (8 determinations)

Solected Yalus

At 26°C (77°PF) and pH 6.65, the half-1ife of hydrolysis of GD
is 45 hours.

Discussion

The above va e was taken fromthe data of TCIR 373 (Al). The
rate of hydrolysis of GD {s variable with pH. GD hydrolyszes with
the elimination of hydrofluoric acid, The hydrolysis of 0.3 to 1.0%
solutions of GD {s substantially complete {n twelve to fourteen hours,
with half-hydrolysis being achieved in four to ten hours (A3). In
5% sodium hydroxide solution, hydrolysis was complete in less than
five minutes (A1),
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SECRET GD-9
CATEGORY 9

EFFECTS OF HEAT AND BLAST

——— - y oo

Bibliography
ETF 550E-8327 (198581)
Summary
The thermal decomposition of GD {s similar to that of GB., On
heating to about 150°C (300°F) 1t pyrolyzes tnto methyl fluoro-
phosphinic acid and 1sohexylene,

No data found on its stability to explosive dlissemination.
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SECRET ya

STABILITY LN STORAGE, ACTION ON METALS
A, ltblio!raghz

None

B, Summnz

The stabilization of GD in storage could probably be accomplished
by the same method that {s used for GB,
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SECRET

ATEGORY 11

LATENT HEAT OF VAPORIZATION

Biblio taphy alx_d Dif
1. TDMR 1292 (1947)

AJH“p 214.3 kcal/mol at 28° to 80°C
2. Porton Technical Paper 341 (1953)

AHyyp =14.2 kcal/mol at 28°C
Selectud Value

Latent heat of vaporization at 20°c (ea°r)=

14.3 kcal/mol (78.6 cal/g)

Riscwasion

The AH given in TDMR 1292 was selected in paragraph B because
the vapor pressure data from which ft was calculated were considered
the best available (see category 13), Actually, the two values that
have been reported (paragraph A) ate in such good agreement that it

makes Jittle difference which i3 selected.

The selected value i3 givan at 20°C for the sake of uniformity,

The error introduced by assuming AH to be constant batween 200
and 60°C 1 probably much less than the experimental error of the

vapor pressure data,
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SECRET GD-12

CATEGORY 12

RELATIVE YVAPOR DENSITY®
A, llbllolrlpgx

None 5

B. Selected Value

Relative vapor density: 6,30 (theoretical value)

density of vapor at T and P
density of alr at T and P

*Relative vapor density =

SECRET :-
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SECRET GD-13
CATEGORY 13

YAPOR FRESSURE

A, Mbllo!raehx fﬂf’ Data

1‘

TDMR 12902 (1947)
By transference method -

p: from 0.283 mm Hg at 28°¢
to 1.96 mm Hg at 80°C (13 determinations)

The authors derived the following equation from the above data
by the method of least squares:

3120 (range: 38° to 80°C)
iz

log p= 9,9877 - (273.2°K= 0,.0°C)

The following value was obtalined by vacuum distillation is also
given in the rsport:

p= 23 mm Hg at 92°C
TDMR 1314 (1947)

p=10 mm Hg at 18° to 70°C
Porton Technical Paper 20 (1947)

Sample #1 p= & mm Hg a1 66°C
Sample #2 p= 8 to 9 mm Hg at 74°C

Porton Technical Paper 99 {(19049)
Porton Technical Paper 166 (1980)

p=~ 11 mm Hg at 79°C
Porton Technical Paper 3385 (1983)
Sample contained radioactive phosphorous (Py3)

p= 08 mm Hg at 80°c

SECRET
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C.

SECRET GD-13

Porton Technical Paper 341 (19853)
By effusion manometer -

pt from 0.33 mm Hg at 20°C
to 1.16 mm Hg at 36°C (5 determinations)

The following equation was derived from theies dsta by the
method of least squares;

310 (rengey 30° 1o 36°C)
log p = 10.108 - "'l"L (273'.2*%:- o.o%c:)

Selected Values

Vapor pressure:

(1) 0.034 mm Hg at 0°C ( 32°F)
(3) 0.20 mm Hg at 20°C ( ¢8°F)
(3) 2.2 mm Hg at 62°C (125°F)
(4) 7.9 mm Hg at 11°C (160°F)

Discussion

TDMR 1292 (Al) and Porton Technlcal Paper 341 (A8) contaln the
only precise vapor pressure data that have been reported on GD to date,
The data of both reports were plotted on a log p va. 1/T graph., Al-
though the two sets of data have almost ldentical slopes (see category
11), their posicions on the graph were found to be conslderably differ-
ent, The distillation data that are available wore plotted in an effort
to verllfy the data of one or the other report, All of the dlstillation
data (including those reported by the British) corroborated the data
of TDMR 12902, An extrapolation of the Porton data failed to pass
through any of the distillation points, The values given in para-
graph B therefore were taken from the TDMR report, They were
calculated from the following equation which was derived from the
TDMR data by the method of least squares (Al),

3129 (range: 28% to 60°C)
log pw= 9,887 - —y (273.2°K = 0.0°C)

Values (Bl) through (B4) were all obtained by extrapolation of the
data; (Bl) and (B4) are probably the least accurate of the four due
to the larger extrapolatiuns involved in their calculation.

No values were obtained at temperatures below 0°C because of
the lack of data.

SECRET

3.121

MITHIE, DRI SRS




A,

SECRET

CATEGORY 14

YOLATILITY IN ATMOSPHERIC AIR

Bibliography

None

Selected Values

Volatility in atmospheric alr;

(1) 0.36 x 10° mg/mg at 0°C ( 32°pP)
x 103 mg/mY at 20°C ( 68°F)

(2) 2.0
(3) 20.
(4) 65,

x 103 mg/m
x 102 mg/m

3 at 52°C (126°R)
3 4t 11°C (160°P)

SECRET
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SECRET GD-16
GALRGORY 15

ODOR AND MEDIAN DRTECTABLE CONCENTRATION
Bibliography
1, ETF B50E-6047 (1947)
2. Porton Technical Paper 74 (1948)
3. MDRR 8 (1950)
Disqgusaion
1. The odor is described as being sweet or fruity or musty,

2. Median detectable concentration {8 72 2.4 m;/m3 (A3).
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SECRET GD-16

CATEGORY 18

TOXICITY BY INHALATION
A. '“’“°E“Ehx

Porton Memo 34 (1949)
B. Riscuaaipen
17, l.(:nbo for GD {s about 10% more toxic than GB,

LCty, for GD 13 180 10 270 mg/ms (time {s 10 minutes) based on
animal Jdats.

2. No data found for the median incapacitating dose for GD,

3. GD causes bronchocoastriction,
4. No data found on the chronic toxicities of GD,
3,18




SECRET GG-17

No data found,
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SECRET GD-18

QRAL TOXICITY

No data found,
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SECRET GD-19

CATEGORY. 1§

SKIN TOXICITY ANR GQLOTHING RENEIRATION

Bibliography
1. ETF 650G-1736 (1949)

2. ETF 650-811/7 (1982)
Discussion

One drop on the skin, especially on the face, of liquid GD must
be regarded as fatsl (A1),

No effects in man were observed with the application of 30 mg,.
liquid GD to the skin (A2).
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No data found,

SECRET

CATEGORY 20

SEEED QF ACTION
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CATEGORY 21

RETOXICATION IN THE RQDY

No data found,
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SECRET GD-22

CATEGORY 22

MED{CAL PROTECTIVE OR FIRST AID MEASURES

llbllo!uﬂx

TM 8-285, Titeatment of Chemical Warfare Casualeios

Discusgjon

P

In the treaiment of GD casualties, speed of treatment is of the
essence. Casualties should de removed from possibility of further
contamination If possible and given an immediate injection of
stropine and sudjected to artificial resuscitation. Present thought
fs that atropine injection alone, while helpful in cases of mild ex-
posure, i3 of little value in more severe exposure uniess artificlal
resuscitation is applied. Either of these treatments alone is help-
ful but the combination of the two has mors than the additive value.
Thorough familisrization with the subject in reference TM 8-3288
fs strongly recommended,
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SECRET GD-23
CAIEGORY 23

DETRGIION

Blbllogr_g_p_r_l_y

1. Instructions - Kit, Chemical Agent Analyzer, M10A1l, Use of
(27 April 19584),

2. Instructions - Kit, Chemical Agent Detector, M9A2,
3. Instructions - Kit, Water Testing, Poisons M-2 (14 July 1962).
4. TM 3-2900, Individual Prutective and Detection Equipment.

8. T™M 8-285, Treatment of Chemical Warfare Casualties,

Summary
Objectively, GD is detected by:

(1) Detector kit (M9A2). A greenish-blue ring appears in white
dot tube after wetting with solution from green top bottle, (Note:
This {s a general test and will be positive for G-sgents and/or
CK) (A2).

(2) Analyzer kit (M10A1), The standard tost (Al) which contains
grenules from a white dot tube which are treated first with a
toiution of O-DN and then a solution ot PER, An orange or amber
color in the solution indicates the presence of G-agents (or CK),

(3) Water terting and screening (AN-M2), Nerve gases are
detected by a color reaction and extraction of the color by an
immliscible solvent (AS).

(4) Water testing kit, polsons (M4). This kit enables quancita-
tive determination of G-agents (A3).

(6) Food testing and screening (ABC-M3)., The nerve gases are
identified by their reaction with two 2pecial chemicals to produce
an orange or yellow color (ABS).

(6) Ve:zicant detector ctayon (M7, MT7A1l), Drops of liquid
G-agents cause pink crayon markings or dust to turn yeliow (A4).

(7) Liquid vesicant detector paint (M5). Surfaces painted

with detector paint show a change in color from olive green to
red when contaminated by drops or splashes of G-agents (A4).
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SECRET GD-23

(8) Liquid veslcant detsctor paper (M68) (A4).
Subjectively, GD {s detected by:

(1) Odor - GD has a fruity odor; with impurities, it has an
odor of camphor,

(2) Physical appearance - colorless liquid vaporising to form
colorloss gas,

(3) Physivlogical symptoms - vapors may cause nausea, vomiting,
and diarreha folicwed by muscular twitching and convulsions.
Even In low concentrations, vapor causes puplls to contract, and
vislon becomes difficult in dim light and headaches may result.

A sense of tightness in the chest may be noticed. Contraction

of the rupils may not appear as a warning sign of 1iquid penetra-
tion (A4, AB).
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SECRET Lt
CATEGORY 24

PROTECTION
Bibliography
1. TWM 3-218, Militaty Chemistry and Chemical Agents.
2. TM 3-200, Individual Protective and Detection Equipment,
3. TM 8-288, Treatment of Chemical Warfare Casuaities.
Summary
Protection against GD may be afforded by use of the protective
mask. Impermeable protective clothing is required for protection

against liquid G-agent (A1,A3)., Protective dubbing is also used
(A2).
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SECRET GD-25
GALEGORY 28

DECONTAMINATION
Eibliography
1. TM 3-216, Military Chemistry and Chemical Agents,
2, TM 3-220, Decontamination
3. TM 8-286, Treatment of Chemical Warfare Casualties,
Summn_r_x
For personnel, soap and water rather than protective ointment
are used for removing liquid contamination, Immediate and thorough
action is necessary in removing nerve gaset (A2). The following
fluids are more satisfactory than soap and water and should be used
{{ avallable:
(1) A slurry of one part bleach in three parts of water,
(2) A five to ten per cent solution of sodium carbonate,
(3) A five to ten per cent solution of ammonium hydroxide.
(4) A two per cent solution of sodium hydroxide,
If water alone (s available, blot the excess liquid off the skin,
then soak a fresh cloth with water and scrub the area turning the
cloth with each bit of scrubbing to expose a clean surface, If
a splash of liquld nerve gas should get into the eye, it should
be flushed out immediately with water (A3).
For materiel and areas, in the case of liquid contamination,
aeration, hot soapy water, bleach slurry, aund 1olutions of commer-

clally avallable alkalis, such as caustic soda and soda ash (A2).
In confined areas, steam and ammonia aro effective (Al).
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SECRET

CATEGOQRY 1

SECONDARY SOURCES OF INFORMATION ON GF

Readers desiring information on GP which is beyond the scope of this
document may find the following works of great value,

With Bibliography

CRLR 164 (revised) (19584)
ETP 100.26 (1948)
ETF 107-3 (19486)
ETF 560E-8327 (19081)
MDR 159 (1948)

,y MLSR 23 (1953)

i Porton Memo. 35 (1880)
TCIR 481 (1949)
TCR 36 (1949)
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SECRET

GF-2
SALEGORY. 2
NAME, FORMULA, MOLECULAR WRIGHT
Bibliography
lNone
S
1. Technical name: Cyclohexy!l methylphosphonaflucridate or
Cyclohexyloxyfiuoromethylphosphine Oxidse
2. Common name;: Cyclohexyl maethylphosphonofiuoridate
P 'cnz— CHgq
3, Chemical formula: CnoHy4FOqP or CHg - :’-— O —CH /CHg
c'> |CH2-— CHg
4. Molecular weight: 180.14
Discussion

This compound may also be found fn the classified literature

under the following code numbers:

ra 1212
T-2139 (Britisn)
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SECRET GP-3

CATEGORY 3

P~

PHYSIOLOGICAL ACTION, TACTICAL USE, STATUS

RUSSIAN INTEREST
Bibiiography
1. BTPF 550R-1120 (1962)
2. CRLR 199 (1963)
Summary
1. Physlologicel action:
Netrve gas
2. Tactical use:
GF may be used as a non-persistent spray or persistent ground
contaminant, It is very effective In producing immediate
casualties,
3, Status;
None
4. KRusifan interest:

Whether the Russians are interested specifically in this agent

is not known. Thera {s good reason to believe that *hey are
engaged in nerve gas rescarch at the present time, however, and
ptobably have some knowladge of this and many other similar
compounds,
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SECRET GF-4
CAIEGORY 4

PHYSICAL STATE, MELTING PQINT, RBQLLING PQINT

Bibliography and Data

1. TDMR 1292 (1947)
FP between -30° and -50°C
2, Chief, Chemical Division, CmiC Chemical and Radiological Labora-
tories, Bi-Weekly Report, Period Ending 21 March 1882, Project
4-08-03-0086.
FP below -30°C (metastable form)

MP= -12%

Summary of Data and Selected Values

1, Physical state:

Pure GF is a colorless liquid of low volatility at room temperture.
2, Melting point:
-129C ( 10°P)
Freezing point is below -30°C (-32°F). When GF is cooled below
this temperature, a metastable, crystalline form freezes out
which,upon long standing, slowly converts into a stable form
melting at -12°C, 8o far, the stable form has never been
obtained directly upon cooling (A2).
3. Normal boiling point:
Compound begins to decompose rapidly at about 160°¢C (300°F),

Theoretical BP: about 200°C (360°F) (obtained by extrapolation
of vapor pressure data),

SECRET
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SECRET GP-8
GALEGORY &

LIQUID DENSITY

Bibliography and Data

1. TDMR 1292 (1941)

d= 1,1428 g/c.:m3 at 10°C
1.1276 g/cm3 at 28°C
1.1179 g/em? at 38°C
1.1031 g/cma at 80°C

2, Chief, Chemical Division, CmIC Chemical and Radiological Labora-
tories, Bi-We ‘kly Report, Period Ending 21 March 1952, Project
4-08-03-008.

d= 1,128 g/cma at 28°C
1,116 g/em? at 35°C
1,101 g/cm?3 at 50°C
3, ETF 880Ca-1118 (1960)

Data on the density of various GF/ethane mixtures may be found
in this report,

Selected Values

Liquid density:

(1) 1.19 g/cm:,: at -4ogc (-40°F)
(2) 1.183 g/cm’ at  0°C ( 32°P)
(3) 1.133 g/cm "’ at 20°C ( 68°R)

(4) 1.082 g/cm? at 71°C (160°F)

Riscussion

TDMR 1292 appsars to contain the best data available on the
density of GF., These data were plotted on a density-temperature
graph and values (Bl) through (B4) were obtained either by inter-
polation or extrapolaition, Although the data are given in the
original report to five significant figures, they are not considered
by the authors to be accurate to more than four., The values |{n
paragraph B, excepting (Bl, are given to four significant figures,
therefore, Value (Bl) was obtained by extrapolating the data over
a temperature range of fifty degrees. An extrapolation of this
magnitude was a. .c.asidered possihie without introducing appreci-
able error into the fourth significant figure of the value,
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SECRET GF-6
SALEGORY.S

SOLUBILITY IN ORGANJC SOLVENTS

A, Mblloluphx and Data

ETPF 850Ca-11186 (1960)
ETF 650Ca-1160/1 June 1949 to 31 May 1960

GF/ethene

B. Summary of Data

The solubility of GF in organic salvents is probably very
similar to that of GB.
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SECRET GR-1

CA OR

SOLUBILITY IN WATER

A. Bibliography and Data

Second Ind, CMLRE-CR (CP), Proj 4-08-03-005, CmIC Cm! and Rad
Labs to CmlC Research and Bngineering Command, 12 June 1982,
subject: "Water solubility of G-agents, " on letter, CMLEK-A,
Chemical Corps Board, 29 April 1082,

Solubllity = 6.1g GF/100g of solution at 0°C
3.78 GF/100g of solution at 20°C

i. B. Summary of Data
y

o The lglubllny of GF in water is 37g GF/1000g solution at
20°C (687 F),
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SECRET GF-8§

CATEGORY §
HYDPOLYS]S
Bibliography and Dats
TCIR 3063 (1947)
TCIR 458 (1949)
At 28°C; k= 0,232 per hour at pH 2
t1/2 = 42 hours (no pH specified)
Selected Value
At 25°C (77°F), the half-1life of hydrolysis of GF is 42 hours
(no pH specified),.
Discussion

The rate of hydrolysis of GF {s variable with pH. GF hydrolyses
with the elimination of hydrofluoric acid,
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SECRET GE-9
CATEGORY 9

EEEECTS OF HEAT ANP RLAST
Bibliography
Porton Technical Paper 268 (1081)
Summary '
The thermal decomposition of GF {s similar to that of GB, On
heating to about 150°C (300°F) GP pyrolyzes to methyl fluorophos-
phinic acid, cyclohexane, methy: phosphonyl difluoride, and other

products., Decomposition Is complete within about two hours,

No data found on Lts stability to explosive dissemination.
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UNCLASSIFIED ce-10

STABILITY LN STORAGE, A.Q.n;.qu ON METALS
A, ltblto“rlghy \

None

B. Summuy

The stabilisation of GF in norl‘p could probably be accomplished
by the same method that {s used for GB.
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CATEGORY 11

GF-11

LATENT HEAT OF VAPORIZATION
A, Bibliography and Dsta

Porton Technical Paper 341 (1953)

AHyyp «15.3 kcal/mol at 26°C

B. Selected Value

Latent heat of vaporization at 20°C (68°p), |
{ 15.3 kcal/mo! (85.0 cal/g) |
| C. Discyssion
The value {n paragraph B (s given at 20°C for the iake of

uniformity, It actually represents the average AH of GF between
15° and 31°C ( see category 13, para A, item 6).




A!

UNCLASSIFIED
LldRRQRL.IZ

RELATIVE VAPOR DENSITY®
ltbllolrlghx

None

Selectod Yalue

Relative vapor density: 6, 23 (theoretical value)

*Relative vapor denstity

density of vapor at [ and P
density of alr at T and P

UNCLASSIFIED
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A.

SECRET GPF-13
CATEGORY 13

VAPOR PRESSURE

Bibliography and Data

1,

TDMR 1292 (1947)
Tranpforence method used. Compound proved to be s0 unstable
in the apparatus that the experiment had to be discontinued after
the following data wers obtained,
p= 0,056 mm Hg at 26°C
0.0864 mm Hg ar 28°C
0.040 mm Hg at 25°C
The following value obtained by vacuum distillation is also given:
» 2.5 mm Hg at 63° to 64°C
TDMR 1314 (1947)
pe= 3 mm Hg at 82°C
Porton Technical Paper 99 (19490)
P- 1.5 mm Hg at 11°C
SO/R/803 (1951)
= 4 mm Hg at 85°C
Porton Technical Paper 335 (1953)
Sample contained radioactive phosphorous (Pj3).
p= 1 mm Hg at 80°C
Porton Technical Paper 341 (1983)

By effusion manometer -

p: from 0.026 mm Hg at 18°¢
to 0.105 mm Hg at 31°%¢c (6 determinations)

SECRET

4.120




S

s

SECRET GF-13

The following equation was derived from the above data by the method
of least squares:

3347 (range: 18° to 31°C)
log p =10.002 - —— (273, 20K = 0,0°C

B. Sglected Yaiusi

s vl i -~ i R ..

Vapor pressure:

(1) 0.0063 mm Hg at 0°C ( 32°F)
(2) 0.044 mm Hg at 20°C ( €8°F)
{(3) 0.56 mm Hg at 62°C (125°F)
(4) 2.2 mm Hg at 711°C (160°P)

C. Dfjscussion -

Porton Technical Paper 341 (A8) countain the only precise vapor
pressure data on GPF that are available, Values (Bl) through (B4) were
calculated from the following equation which was derived from the
data of this report by the method of least squares (A6).

33417 (range; 189 to 31°C)
log p= 10,062 - —5 (273, 2°k == 0,0°C)
All of the values selected, excepting | .4), were obtained by extra-
polation of the data., Value (B4) is probably the lezst accurate of
the four due to the large extrapolation (forty degrees) involved in
its calcuiation,

Values were not obtained at temperatures below 0°C because of
the lack of data.

SECRET




Al

UNCLASSIFIED
SATLGQRX 1S

VOLATILITY IN ATMOSPHERIC AIR

Mbuolughj_

None

Sslecged Values

Volatility in atmospheric alr:

(1) 0.067
(2) 0.43
(3) 6.0
(4) 18

x 103 mg/m? ax 0°C ( 32°F)
x 103 mg/m? at 20°C ( 68°F)
x 103 mg/m?3 at 52°C (13569F)
x 103 mg/m?3 at 71°C (160°P)

UNCLASSIFIED
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(0.0063
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SECRET

ODOR AND MEDIAN DETECTABLE CONCENTRATION

A, Mb!lolughx
ETP 560-611/7 (1982)

. Duscussion

1, Mo data on the odor of GF,

2. The median detectable concentration Ls similar to that of GB
(16 mg/md).

SECRET

4.14

GF-15




UNCLASSIFIED GF-18
CATEGORY 16

TOXICITY BY INHALATION

No data available.

UNCLASSIFIED
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No data available

UNCLASSIFIED

CATEGORY 17

EXE TOX1CITX

UNCLASSIFIED
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UNCLASSIFIED
Sl LESORY 18

QRAL TOXICITY

GF-18

No data availabie,

UNCLASSIFIED
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A. DBibliography

SECRET GF-10

CATEGORY 19

SKIN TOXICITY AND CLOTHING PENETRATION

1. Chemical Corps Board Study 13-623 (1983)
2. MLRR 119 (1983)
B. Disguuplon
1, PFor vapor GF:
LCtg, ™ 15,000 mg. min/m? |
a ]
ICtgg'~ 6,000 mg.min/m
2. PFor liquid GF:
LDgo = 0.3i4 gm/70 Kg man (naked)
LDgyo ™ 0.84 gin/70 Kg man (single layer HBT)
! No data on 1Dy, for liquid GF.
3., GPF does not affect the skin but when it is abscrbed, it polsons the
system,
4. Based on plg data, an LDgo would require an air-spray ground contami-

nstion of 8 g/m2 for masked troops by skin absorption, Protection
afforded by a single-layer HBT cloth covering on pigs was six-fold
against liquid GF,
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No data found,

UNCLASSIFIED GF-20
CATRUORY 20

§PEED OF AGTION

UNCLASSIFIED
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UNCLASSIFIED
SALEGORY 2:

GF-21

DETOXICATION IN THE BODY

No data found.

UNCLASSIFIED
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UNCLASSIFIED GF-22

MERICAL PROTECTIVE QR ELRST ALIP MEASURES
A. Mblloguphz

TM 8-288, Treatment of Chemical Warfare Casualities
B, Discussion

In the treatment of GF casualties, speed of treatment is of the
essence, Casualties should be removed from possibility of furthe:
contamination if possible and given an i{mmediate injection of
atropine and subjected to artificial resuscitation., Present thought
is that atropine {injection sjone, while helpful {n cases of mild

1‘ exposure, is of little value in more severe axposure unless artificial
-3 resusciiation s applied, Efther of these treatments alone is helpful
but the combination of the two has more than the additive value,
Thotough familiarization with the subject in reference TM 8-285
is strongly recommended.

UNCLASSIFIED

4.21




UNCLASSIFIED ‘ GF-23
SATEGORY 23

DEIECTION

Ilbllo!uphy

1. Instructions - Kit, Chemical Agent Analyzer, M10A1l, Use of
(27 April 19564).

2. Instructions - Kit, Chemical Agent Datector, M8A2.

3. Instructions - Kit, Water Testing, Polsons M-2 (14 July 1982),.

4. ™M 3-290, Individual Protective and Detecction Equipment.

6. TM 8-288, Treatment of Chemical Warfare Casualties,

Summary

Objectively, GF {s detected by:

[}
(1) Detector kit (M9A2). A greenish-blue ring appears in white
dot tube sfter wetting with solution from green top bottle. (Note;
This is a general test and will be potitive for G-agents and/or
CK) (A2).

(2) Analyzer kit (M10A1). The standard test (Al) which contains
granules from a white dot tude which are treaced first with a
solution of O-DN and then a solution of PER. An orange or amber
color in the solution indicates the presence of G-agents (or CK).

{3) Water testing and screening (AN-M2), Nerve gases are
detected by a color reaction and extractinn of the color by an
Immiscible solvent (AS).

(4) Warer testing kit, polsons (M4), This kit enables quantita-
tive determination of G-agents (AJ),

(6) Food testing and screening (ABC-MJ), The nerve gases ate
identified by thelr reaction with two special chemicals to produce
an orange or yellow color (AG).

(6) Vesicant detector crayon (M7, M7Al). Drops of liquid
G-agent causs pink crayon markings or dust to turn yellow (A4).

(7) Liquid vesicant detector paint (M§). Sucfaces painted with
detector paint show a chaunge in color from olive green to red
when contaminated by drops or splashes of G-agents (A4).

UNCLASSIFIED
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UNCLASSIFIED GF-23

(8) Liquid vesicant detector paper (M8) (A4).
Subjectively, GF is detected by:

(1) Phyetical appearance - colorless !iquid vaporiging to form
coloriess gas,

(2) Phystiological symptoms - vapors may cause neusea, vomiting,
and diarrthea follcwed by mvscular twitching and convulsions,
Even in low concentrations, vapor causes pupils to contract, and
vision becomes difficult in dim light and headache may result,

A sense of tightness In the cheet may be noticed. Contraction

of the pupils may not appear as a warning sign of liquid pene-
tration (A4, AB).

UNCLASSIFIED
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UNCLASSIFIED GF-24

CATEGORY 24

PROTECTION
Blbllo!uphy
1. TM 8-215, Militery Chemistry and Chemical Agents.
2. TM 3-200, Individual Protective and Detsction Equipment.
3, TM 8-286, Treatment of Chemical Warfare Casualties,

Summux

Protection against GF may be afforded by the use of the protective
mask. Impermeabie protective clothing is required for protection
sgainst liquid G-agents (A1,A3). Protective dubbing is also used (A2).

UNCLASSIFIED
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UNCLASSIFIED GF-26
S BOORY du

RECONTAMINATION

!lbllo!raghz

1. TM 3-215, Military Chemistry and Chemical Agents.
2. TM 3-220, Decontamination.

3. TM 8-288, Treatment of Chemical Warfare Casualties.

Summery

lor personnel, soap and water tather than nrotective cintment
ate used for removal of 1iquid contamination, Immediate and
thorough action is necessary in removing nerve gases (A2). The
following fluids are more satisfactory than soap and water and
thould be used if available:

(1) A slurry of one part bleach in three parts of water.

(2) A five to ten per cent solution of sodium carbonate,

(3) A five to ten per cent solution of ammonium hydroxide,

(4) A two per cent solution of sodium hydroxide,

I{ water alone (s available, blot the excess liquid off the skin,
then soak a fresh cloth with water and scrub the area turning
the cloth with each bit of scrubbing to expose s clean surface,
If a splash of liquid nerve gas should get into the eye, it should
be flushed H>ur Iimmediately with water (A3),

For materiel and areas, in the case of lfjquid contamination,

aeration, hot soapy water, bleach slurry, and solution: of commer-
cially available alkalis, such as caustic soda and soa ash (A2).

UNCLASSIFIED
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NERVE GASES

k

1 2 | ) . 2 . s
" P t Room Tempersture Solubility in Orgenic
Techr'cel Neme, Common Neme, | Phystologizel Action, Tacticel Use, Physical Btate & '| Liquid Denetty in a/omd y Bolubilit
. Tormuls and Moleculsr Vughé Htetus, Russian Interest Melting Point, Bolling Potnt \ 4 s/ Solvents V15 Wher
A S " Colorless liquid of lov 1.139 ot -40% Resdily soludle in T2g GA/1000¢. A
e lt:;:n:;:::hylphmpha-olldo WY (S volatility 1.100 ot slmost ell common solution et 68°%,
Cysnodimethylaminoethoxy- Ususlly employsd at s nonperais- a7 igag at 1609 orgenic solvents. o
phoephine oxide | tent spray or persistent ul;gund 2 S BV 031 ot r
oonteminent. It 1@ very offec- -
- tive in producing lamed‘'ate P : k30° to W6Y%F .
Cxy o gasusities. b
\ ! i OA of plant purity: 0A of plant purity:
paE>e Y d Stenderd
/ ﬁ " SRS P Amber to brovn in color 1.09 to 1.11 ¢ g%
c'3 | Ruseians have great tnterest in o 1.07 to 1.09 ot 68°F
162.14 GA 88 8 werfars agent. P08 ’
- —— o = ol e = o e —— g - e
(e} ] Isopropyl methylphoaphono- Nerve ges Coloriesas l1quid of low 1.16 ot WOOP Readily soludle in 0D {s completely A
??u:r{dno o volatility 1.118 ot 32% slmost sll sommon misoidle with
Fluoroisopropoxymethyl- Usunlly disseminated ne & non- 1. ot 68°% organic solvents. vater.
phosphine oxide porsiatent mpray. It ta very W 3 -69% 1.034 ot 160°P r
effective in producing Lumediate t
Barin casunliien, BP-: 304°7 (vith decomposition) |OB of plant purity: e
3 cE
[ | 3 Btandard OB of plant purity: 1.12 to 1,13 et 32% LY
Ci; - P -0 -CH 1.09 to 1,10 et 68°F s
a (‘2I Russians heve great interest in Same appesrances ss the pure
3 GB sa a verfare agent. compound .
ydn
MP * belov -69°F
aD 1,2,2-Trimethylpropylmethyl Nerve ges Colorlmea 1liquid of low 1.08 ot -40% The soludbility of QD 21g 0D/1000g. A
phosphonu(iuor tdate volaty® 1.046 ot 32% in orgenic solvents solution at 68°7.
Fluoromethylpinacolyloxy- Ususlly employed as a nonpersies- 1.027 at 68% is prodadly very sim-
phusphine oxide tent spray for persistent ground TP not reedily detarminadle 0.9680 st 160°P 1lar to that of GB. r
contaminant. It is very effec- v
Seman tive {n producing immediste BP 3 2207 to QL0® (theoretical)
casunlties.
e :
CR3 -F OCH = C - CHy None [}
(1 |
0 cu‘ Russniene probably have knowledge bt
’ of thias sgent., Whether or not
182,16 they heve thias agent tn produce
tion iz nat known.
oF Crclohexyl mathylphoaphono- Nerve una Colorleas liquid of low 1.19 st -ho% ‘fha solubility of GF 37¢ 0F/1000g. :
fluoridate volatility, 1.193 et 32°9 B e solution et 68°7 3
Cyclohexyloxyfluoromethyl- Usually employed as @ nonpersis- 1.132 ot 68% :: P“‘ t.hue":,(); e
phosphine oxide. tent apray or persistent ground FP = 10% 1.082 ot 160°%F - - S
Cyclohexyl methyl phosphono- contaminant. It ts very ef'fac- ;
fluoridate tive in producing immedinte WP = 190%F
F cl, - Cllp i ansualt len.
| W \ None
ol - : = i (':!! /“e Whather the Russiana ere interest-
- ed specifically in this agent ta
4 O — OFg not known,
180.14
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NERVE GASES

7

udility in Orgentc
Solvents

dily soludle in
all common
niec solvents.

Soludility in Weter

T2g OA/L .
|oxut.1c{n°22‘68°r .

s

Rete of Rydrolysin

—

At 68%F ana pd 7.0, the
half-1ife of hydrolyais

of GA 1a 8.% hours. GA

resats alovly with vater

ond fairly repidly with

etrong alkelis with self-

buffering et pR L.4.

-4

1ly soluble in
1moet 81l cowmon
#anic solventas.

GB te campletely
misoible with
vater.

At 77°F snd pE 7.5 the
half-1ife of hySrolysis
¢® OB ts 23 hours. The

rate of hydrolysie of OB

is varieohle with pH end
concentretion. OB hydro.
iytes with tha elimine-
tion of hydrofluoric
acid.

9 WL 10 T 11 T 12 W
' Latent Heat of | Relative Vepor
Effeats of Heat and Blast stability ‘nM::g;:"’ Mo ® Vaporization Deneity
GA is inflammable in sir. Ite | OA is stadle in steel for seversl 16 kcnl/xml 5,60 (theo-
closed-up flash point in atmom-| years but ham teen found to under- (100 col/g) st | retical value)
phertc oir (760 ms Hg) ts 172°.| go complete decomposition withim | 58°F.
three months st )50°F.
Decomposition takes plsce with-
in three hours st 300°F. The corrosion rete of GA on 8“.1
hes been found to be 3.4xl0"
04 undergoes consideradle de- inches penetreti.n per month et
composition wvhen dissenineted 14097,
explosivaly or diseemineted by
thermal generstion.
Decomposition -f (B {a complete | Tri-n-butyl and triethylamine 11.9 koal/mol 4,84 (theo.
within two and one-half houre appear to be about equally effec- |(A%.0 cal/g) at| reticsl value)
ot about 30097, tive ms stabilizers for GB. ihus |6B°F,
stadbilized it may be atored in 11.1 keal/mol
0B decomposes roughly to the steel for iong periods of time ot (,’é 3 “1/
extent of about 0% when dis- temperatures up to 160°F with not T on ng
seminated explosively end more then % to 108 decomposition an; RTLS

sbout 304 vhen dlaseminsted
by thermal generstion.

solubility of QD
n orgenic solvents
@ prodedly very sims-
lsr to that of QM.

21g 0D/1000g.
solution ot 68°F.

At 77°F and pX 6.6%, the
helf-11fe of hydrolysie
of GD fs 45 hours. The
rete of hydrolysis is
veriadle with pR. GD hy-
drolyses vith the elimi-
nation of hydrofluoric
eeid. In 5% sodium hy-
droxide sclution, hy-
drolyeis ves complete in
lesa than five minutes.

he aolubility of GF
n orgenic solvents

ic probedly very sim-
1lar to thet of GB.

378 OF/1000g.
aclution st 68°7

hydrol,{lu of OF ta 42
hours (no pH specified).

OF hydrolytes with the

eltminetion of hydro-
fluoric ecid.

e

At 77°7, the half-life of

-

and no sppreciable corromion.
The deccapostition of unatadiliced

GCB is not appreaisdly gremter
than that of stabilized OB.

= —

On heesting GD to sbout 300°F,
1t pyrolyres into methyl
fluorophosphinic wcid and iso-
hexylene.

No date found on 1its atabhility
to explosive dlssemtretion.

Decomposition takes place with-
{n two hours nt 300°F. GF pyro-
lyzea to methyl fluorophos-
phintec mnoid, cyclohexene,
methyl phoaphonyl difluoride
and other products.

No dsta found on {te ntability
to exploatve dtseemination.

-

The stebdilization of OD in stor-
sge could prodbadly be acoamplished
by the seme method that in used
for OB,

The stabilization of GF in stor-
age could probsdly be accomp-
liak2d by the same method that {e
used for GB.

i e e ———

1k.3_k-c_ol./lol
(78.6 cnl/g) at
68°%p

0 crl/g) at

15.3 k§.1/-ox ,
(8%,
68°F

6.30 (theo-
retionl value)

—_— ]
6.23 {(theo-
retical value)
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NERVE GASES (Cout'd)

13

Vapor Pressure

Pl

o 1%

Volstility in Atmgepheric Alr
in u/:g.

Odor and Median

Detectadble Concentrstion

2

b

——

16

17

18

Toxicity
by Inhslation

Lye Toxioity

Ors) Toxtotity

Okin Toxicity snd
Clothing Penetration

-

l 0.006 mn Bg at 32°F 0.06x103 ot 12%F (0.006 mm l;; Frulty or aveet odor, Medisn lethal exposure Agent 18 t0xic to eyes.| No human data Body exposure (vepor):
0.037 mm Hg at 68°F 0.33x103 st 68°F (2,037 == Mg 1s 500 mg min/w3 for 10 | Vepor ceuses pupil of Incepacitetion at 12,000
| 0.4 mm Rg ot 12%°F 3 x103 at 129%9(0.4° mwa Ng) Median detectadblg concentra- | min exposure. eye to contract, ng uin/e3; wedien lethel
2 wm Hg st 160 19 x103 at 160°%P(2 m Hg) tion is 2.” mg/m’ by odor. exposyre is 20,000 mug
Medion incepecitating Iln/l . Bkin contemine-
exposyre i 100 mg tion (liquid): Medisn
min/m’ for e 10 minute lethel doseage is 0.2)
exposure. G-sments /70 kg nen (estimated
csuse stranguistion by from animel dete). One
bronchisl oconatriction. drop on akin will cause
desth of man in » chort
time,
N 0.010 mm Hg at -40°F o.oo96:1o: at 4o io.om m Ig) Bcarcely detectsble by odor. | Lethsl exposyre: 3.9 mg/70 ki man of Madisn lethal Vepors Incapacitation e
'}( 0.096 ma Bg at 0% | 0.084 x10) at 0% (0.096 mm Eg) 100 mg min/m’ for a 11quid in eye conati- | domage of 9.8 6,000 mg min/m3 in tem-
L O 0.4k mm Bg ot 32°7 | 0.36 x10, at 4297 (0.Lb mm Hg) Median detectable concentra- | resting man (2 to 10 tutea » lethel dose for | mg/70kg men perate conditions; lethal
1.96 mm Hg at 68°% | 1.0 x10 st 68°F (1.96 ma Bg) tion 1a 16 mg/m’ by odor. minutes). man. Vapor in low con- | cerries cumula- exposure_equela 19,000
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skin dut penetretes
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body.
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Aulation due to bron-
chial constriction.
e e ———— St
0.006% mm Hg ot 329 0.067x10J at 32 0.0063 = Hg) No data on odor of OF. No data found. No data found. No human dats. Vepor: BSeme 3
0.0k4" mm Lg ot 68%%| 0.43 x10 ot 68% (0,044 mm Eg Li:\ud: Iﬁthl:..afo:..g.
0.% mm Bg at 129°¢| 9.0 x103 at 1299F (0,56 om !;L Mesdisn deu:;nable concentre- equels 0.14 gu/70 kg men
2.2 mu Hg st 160°7| 18 110} at 160%F (2.2 me Hg) tion ie similar to thest of (naked), 0.84 gm/r0
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DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND
EDGEWOOD CHEMICAL BIOLOGICAL CENTER
5183 BLACKHAWK ROAD
ABERDEEN PROVING GROUND, MD 21010-5424

REPLY TO
ATTENTION OF

18
RDCB-DPC-RS FEB 2016

MEMORANDUM THRU Director, Edgewood Chemical Biological Center, (RDCB-D/Dr.
Joseph L. Corriveau), 5183 Blackhawk Road, Aberdeen Proving Ground, Maryland 21010-3424

FOR Defense Technical Information Center (DTIC), 8725 John J. Kingman Road, Ft Belvoir,
VA 22060-6218

SUBJECT: Request for Change in Distribution

1. This action is in response to an Edgewood Chemical Biological Center (ECBC) internal
request for a Change in Distribution for the attached listed documents.

2. The listed documents have current distribution statements or classifications which limit their
release. ECBC Subject Matter Experts have reviewed the documents and deem them all suitable
for the change in distribution to read “Distribution A: Approved for public release; distribution
unlimited.”

3. The point of contact is Adana Eilo, ECBC Security Specialist, (410) 436-2063 or
adana.l.eilo.civ@mail.mil.

ﬂ(f%

Encl RONALD L. STAFFO
Security Manager
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